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Appendix 

1999 Integrated Site Environmental Report. This-appendix consists of-six attaZfie5ts as-follows: 

presents ac Litional groundwater data and analysis in support of Chapter 3 of this 
_ . - -  . .  

Attachment A.l provides operational data for the South Field (Phase I) Extraction 
Module, the South Plume Module, and the Re-Injection Demonstration Module for 1999. 

Attachment A.2 provides total uranium data and plume maps for all four quarters of 1999 
with statistical trend results. The summary statistics and Mann-Kendall test for trend are 
based on unfiltered samples from the Operable Unit 5 remedial investigatiodfeasibility 
study data set (1988 through 1993) and 1994 through 1999 groundwater data, except for 
the newer modules, whose statistics and trends are based on 1998 and 1999 data. 

Attachment A.3 evaluates thccapture zone of the Aquifer Restoration System by 
analyzing groundwater flow directions based on groundwater elevation data. It includes 
groundwater elevation maps from all four quarters of 1999 and hydrographs for specific 
wells. 

Attachment A.4 provides an analysis of the 1999 non-uranium final remediation level 
(FRL) exceedances both inside and outside the 1 O-year, uranium-based restoration 
footprint. 

Attachlmmt A.5 prevides dekiled tatz from &e misceiianeous, compliance-based 
monitoring activities in 1999 (i.e., the KC-2 Warehouse well monitoring program). 

Attachment A.6 presents 1999 leak detection and leachate monitoring results associated 
with the &-Site Disposal Facility Monitoring Program. 
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In 1999 the South Field (Phase I) Extraction, South Plume, and Re-Injection Demonstration Modules 

continued to operate.. _ -  The- South Field (Phase I) Extraction Module-encompasses -Extraction 

Wells 31550,31560,31561,31562,31563,31564,31565,31566,31567, and 32276. These extraction 

wells encircle the southern waste unit excavations and the Storm Sewer Outfall Ditch in the South Field 

area of the Fernald Environmental Management Project (FEMP) from Paddys Run to just west of the 

South Access Road. The South Plume Module is comprised of Extraction Wells 3924,3925,3926,3927, 

32308, and 32309. Extraction Wells 32308 and 32309 were previously part of the South Plume 

Optimization Module. These wells are located south of Willey Road and north of New Haven Road. 

The Re-Injection Demonstration Module is comprised of Re-Injection Wells 22107,2201 8,22109, 

22 1 1 1 , and 22240. These wells stretch along the southern border of the FEMP just north of Willey Road 

between Paddys Run and the South Access Road. Figure A.l-1 depicts the location of extraction and 

re-injection wells in these modules and identifies monitoring wells near each module. Table A.l-1 

- - 

provides a summary of gallons pumped, total uranium removed, and uranium removal indices for 1999 

and for August 1993 through 1999. .. 
South Fieid Phase D Extraction Module 

The South Field (Phase I) Extraction Module operated at 1,500 gallons per minute (gpm) in 1999 except 

for maintenance shutdowns and the January 1999 temporary shutdown to mitigate high total uranium 

concentrations at the Parshall Flume. Tables A. 1-2 through A. 1 - 1 1 provide individual extraction well 

performance data for the South Field (Phase I) Extraction Module. The footnotes explain individual 

extraction well or system outages of greater than 24 hours. 

During 1999, 753.2 million gallons of groundwater were pumped by the nine active wells in the South 
Field (Phase I) Extraction Module and 464.15 pounds of total uranium were removed from the Great 
Miami Aquifer. The Baseline Remedial Strategy Report, Remedial Design for Aquifer Restoration 

(Task 1) (DOE 1997a) indicated that 788.4 million gallons of water and 61 8.0 pounds of uranium would 
be removed by the South Field (Phase I) Extraction Module in 1999. The 1999 gallons pumped 
represented 95.5 percent of the design-specified amount and the pounds of uranium removed from the 
aquifer were 75.1 percent of the design-predicted amount (618 pounds) for this module. 

There were three principal changes to the South Field (Phase I) Extraction Module since operation was 

initiated in 1998, as discussed below. First, Extraction Well 31566 was shut down in 1998 and remained 
$Z 
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off throughout 1999 for reasons consistent with those in Attachment A. 1 of the 1998 Integrated Site 

Environmental Report (DOE 1999a). To compensate, pumping rates were increased to 200 gpm at 

Extraction Well 3 1562 and 300 gpm at Extraction Well 32276 in August 1998 and continued 

through 1999. Both of these wells are in areas of relatively high total uranium concentrations. 

The second change occurred in November 1999 when operations personnel were notified that the 

pumping rate at Extraction Well 31567 could be adjusted from 100 to 300 gpm, as needed, to use 

available treatment capacity. This is bown as the ‘‘swing well” concept, which allows the pumping rate 

at Extraction Well 3 1567 to increase as additional capacity to treat groundwater becomes available at the 

site’s water treatment facilities during periods of low storm water flow. While the concentration of total 

uranium in Extraction Well 31567 did not provide justification to increase this well’s pumping rate, the 

following reasons did: 

0 The water levels observed during April and July 1999 in the vicinity of Extraction 
Well 3 1567 were slightly higher than the surrounding area, indicating that additional 
pumping was needed to provide the desired drawdown of the aquifer in this area. 

0 This was the closest extraction well downgradient of the plume emanating from the former 
inactive flyash pile area. If the pumping rate was to be increased, then the plume might have 
been drawn toward it more quickly. 

’ 

Accordingly, the pumping rate at Extraction Well 3 1567 was increased to 150 gpm on November 5, 1999, 

and increased again to 200 gpm on November 8, 1999. 

The third change occurred during the fourth quarter of 1999, when two new extraction wells (32446 and 

32447) were installed (refer to Figure A.1-1). The wells were installed in response to high 

concentrations of total uranium found in the eastern, on-property area of the southern plume during 

Geoprobe@ investigations. The Geoprobe@ work was conducted as part of remedy performance 

monitoring. The new extraction wells were located as agreed with the U.S. Environmental Protection 

Agency (EPA) and the Ohio Environmental Protection Agency (OEPA) during a conference call on 

May 18,1999 (reference Facsimile Number F:SWP[ARMWP]:990008, dated May 17,1999). It is 

anticipated that the new wells will begin pumping during the first quarter of 2000. 

. -. . 
._ _- -. 

As reported in Table A. 1-9, uranium concentrations in Extraction Well 3 1566 trended downward 

throughout the first eight months of 1999. In early September 1999, the pump from this well was 

relocated to replace a failed pump at Extraction Well 3 1550. Sampling for total uranium will 
OSC.G& 

I 

0 



FEMP-ISER-99-FINAL 
Appendix A, Att. 1 ,  Revision 0 

June 2000 

recommence at Extraction Well 31566 in 2000, as soon as a smaller pump has been installed in the well. 

The EPA and OEPA were informed of these changes through the weekly site status conference calls. 

South Plume Module _ -  - 
~ - -  

. - -  . - -  - 
- 3004. 

The South Plume Module, which includes the South Plume Optimization Module, operated at 2,000 gpm 

in 1999 except during re-injection system shutdowns, shutdowns for maintenance events, and 

rehabilitation activities. Tables A. 1-12 through A. 1-1 7 provide individual extraction well performance 

data for the South Plume Module. The footnotes explain individual extraction well or system outages of 

greater than 24 hours. 

During 1999,946.79 million gallons of groundwater were pumped by the six wells in the South Plume 

Module and 259.1 1 pounds of total uranium were removed from the Great Miami Aquifer. The Baseline 

Remedial Strategy Report indicated that 998.64 million gallons of water and 179.9 pounds of uranium 

would be removed by the South Plume Module in 1999. The 1999 gallons pumped were on track in that 

they were 94.8 percent of design-specified amount and the pounds of uranium removed from the aquifer 

(259.1 1 pounds) were 1.44 times the design-predicted amount (179.9 pounds) for this module. 0 
- 'l'he South Plume Module continued to meet the primary objectives of: 

0 Preventing further southward movement of the total uranium plume while capturing the 
main lobe of the South Plume without adversely affecting the Paddys Run Road Site 
(PRRS) plume (Extraction Wells 3924,3925,3926, and 3927) 

Actively remediating the higher-concentration region of the off-property plume 
(Extraction Wells 32308 and 32309). 

0 

Attachment A.3 presents additional details concerning the capture zone, along with supporting data. 

In 1999, as in previous years, PRRS constituents of concern (arsenic, phosphorus, potassium, sodium, 

and volatile organic compounds) were monitored at 1 1  monitoring well locations immediately south of 

the South Plume Module to ensure that the operation of the system does not adversely impact the PRRS 

plume. The 1 1  wells monitored are 2128,2625, 2636, 2898,2899, 2900, 3128, 3636,3898,3899, 

and 3900 (refer to Figure A.1-1). 
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I 
I Consistent with previous reporting, the Mann-Kendall test for trend was run on PRRS data collected 

from these wells. As indicated in Table A. 1-1 8, one well monitored for PRRS constituents of concern I 

. had an,Up, Significant trend based on the Mann-Kendall test for trend: 

0 Monitoring Well 2899 had an Up, Significant trend for potassium with a concentration 
increasing from 3.71 milligrams per liter (mgk) in the second quarter to 4.66 mi$-  in 
the third quarter, as shown in Figure A.1-2. The well was not sampled in the fourth 
quarter because it was dry. The third quarter 1999 result is the maximum historical 
potassium concentration observed at Monitoring Well 2899. The regional drop in water 
levels may have affected the water quality of the sample. Concentrations at this well will 
continue to be monitored in Integrated Environmental Monitoring Plan (IEMP) quarterly 
status reports and annual integrated site environmental reports. 

The monitoring activity for PRRS constituents of concern also included volatile organic compounds. 

Note that no volatile organic compounds were detected in 1999. These compounds are monitored 

because they were found to be present in the PRRS plume, which is not of FEMP origin 

(EM Midwest Inc. 1994). 

Re-Ini ection Demonstration Module 

In 1999 a one-year re-injection demonstration was completed to determine whether large-scale enhanced 

flushing of the aquifer is feasible at the FEW.  A report discussing the results of the demonstration is 

scheduled for release in June of 2000. At the end of 1999, the preliminary evaluation indicated that the 

testing results are favorable regarding the viability of re-injection at the FEMP, that a reliable source of 

injection water can be maintained, and that an acceptable injection rate can be sustained without negative 

effects on the plume or aquifer. 

The Re-Injection Demonstration Module operated in the five-well, 1,000 gpm design configuration in 

1999 except during maintenance shutdowns and for the January 1999 temporary shutdown to mitigate 

high total uranium concentrations at $e Parshall Flume. Tables A. 1-19 through A. 1-23 contain 

individual re-injection well performance data for the Re-Injection Demonstration Module. The footnotes 

explain individual re-injection well or system outages of greater than 24 hours. 

During 1999,433.147 million gallons of groundwater containing 25.39 pounds of uranium were 

re-injected into the Great Miami Aquifer. The Baseline Remedial Strategy indicated that 525.6 million 

gallons of water containing 21’.9 pounds of uranium would be re-injected by the Re-Injection 

Demonstration Module in 1999. The 1999 gallons of re-injected water (also called “injectate”) were 

82.4 percent of the design specified amount. The reason that the gallons injected were less than planned 

. 

’ . ’, 1.; j ; , t  i. :’ .; . L ,’‘I ‘L.6 
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is because the re-injection wells were shut down for various reasons at various times of the year as 

indicated in Tables A. 1-19 through A. 1-23. The pounds of uranium injected into the aquifer were slightly 

higher than planned due to the injectate source water containing higher uranium concentrations than the 

planned 5 micrograms per liter - (pg/L). . -  The injectate uranium-concentrations for 1999-are-providedon 

Figure A. 1-3. The reasons for the higher than anticipated concentrations are discussed below. 

Increasing uranium concentration in the injectate was a concern in 1999. Figure A. 1-3 displays the 

* ,injectate concentrations for 1999. Total uranium concentrations in the injectate water began increasing 

significantly in the second quarter and this trend continued into the third quarter. In accordance with the 

Operations and Maintenance Master Plan for the Aquifer Restoration and Wastewater Project (DOE 1999d), 

regeneration of the ion exchange resins in the advanced wastewater treatment facility expansion plant, the 

source for injectate, began in July. The regeneration efforts were undertaken to bring the uranium concentration 

in the injectate back down to low levels. Total uranium concentrations in the injectate significantly decreased in 

November and December due to successhl regeneration of the ion exchange resins. During the fourth quarter, 

total uranium concentrations in the injectate were reduced from a monthly average of 9.6 pg/L in October to 

0 
. -  

1.1 pgL in DKember. 

Total Uranium Data 

Figures A. 1-4 through A. 1 - 19 depict the total uranium concentration data for each ef the C x t i X t i G i i  weiis 

comprising the South Plume and South Field (Phase I) Extraction Modules since start-up through the end 
of 1999. Extraction well uranium concentrations are measured in process control samples that are 

currently collected weekly and in monthly samples per the IEMP. The weekly uranium concentrations 
are used to graphically track the uranium concentrations over time and to support the statistical trend 

analysis presented in Attachment A.2. The uranium concentrations are also used to determine which 

wells' water needs to be sent to treatment and which wells' water can be bypassed around the treatment 

facilities. Figure A. 1-20 is a graph of the monthly gallons of groundwater pumped versus the monthly 

gallons of groundwater treated for 1999. 

Pumping Rates 
Daily pumping rate data for each extraction well were presented in IEMP quarterly status reports for each 

quarter of 1999; therefore, those plots have not been repeated here. The footnotes in the well-specific 

operational tables explain individual well or system outages of greater than 24 hours. 

IEMP-ANM1999\APPENDIXV\PP-A\TECHL4PP.DOay 24,2000 10:31 AM A. 1 -5 
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In 1999 as shown in Table A. 1-24, the extraction systems were operated at target pumping rates that did 
not radically differ from those established in the Baseline Remedial Strategy Report. As discussed in the 

South Field (Phase I) Extraction System Module section above, Extraction Well 3 1566 was shut down 

and Extraction Wells 3 1562 and 32276 were increased to 200 gpm and 300 gpm respectively, to 

compensate. As additional operational experience is gained with the three active restoration modules, 
additional pumping rate changes are anticipated as efforts to maximize the effectiveness of each module 

are made. For instance, in 2000, more aggressive pumping rates are being incorporated into the wellfield 
management strategy; these and other enhancements will be discussed in upcoming IEMP reports 

I '  

o 
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TABLE A.l-1 

AQUIFER RESTORATION SYSTEM OPERATIONAL SUMMARY SHEET 

Reporting Period 
_ - -  - -  

- - .  - - - -  January 1999 through-DEEmb& 1999 August 1993 through December 1999 . 
Gallons Total Uranium Uranium Gallons Total Uranium Uranium 

(M gal) (Ibs) (lbs/Mgal) . (M gal) (lbs) (lbs/M gal) 
Pumped/Re-Injected Removme-Injected Removal Index' Pumped/Re-injected Removeme-Injected Removal Index' 

South Field (Phasel) 753.2 464.15 0.62 1,106.899 703.88 0.64 
Extraction Module 

South Plume Module 946.79 259.1 1 0.27 4,530.124 833.72 0.18 

Re-Injection 433.147 .25.39 NA 559.718 28.62 NA 
Demonstration Module 

Aquifer Restoration 
Systems Totals 

(Extraction Wells) 1699.99 723.26 0.43 5,637.023 1,537.60 0.27 

(Re-Injection Wells) 433.147 25.39 NA 559.718 28.62 NA 

(net) 1266.843 697.87 NA 5,077.305 1,508.98 . NA 

'NA = not applicable 
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Reference Elevation (feet AMSL) - 572.1 1 (top of well) 
' Northing Coordinate ('83) - 477,018.5 
. Easting Coordinate ('83) - 1,348,979.8 

Hours in reporting period - 8,759 
Hours not pumped - 787 

Hours pumped - 7,973 
Operational percent - 91 .O 

Target pumping rate -100 gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration RemovedMillion Gallons 

Month (gpm) Pumped ( P f m  Pumped) 
1/9ga 70 3.144 65.2 0.54 
2/99 100 
3/99 100 
4/99 114 
5/99 90 

4.041 73.9 
4.460 74.7 
4.925 77.4 
4.073 66.3 

6/99 105 4.423 
7/99 100 4.475 
8/99 100 4.473 
9/9gb 67 2.916 
10199 101 4.493 
1 1/99'.' 78 3.328 
12/99 88 3.953 

70.7 
67.7 
65.6 
66.7' 
65.1d 
66.7 
63.6 

0:62 
0.62 
0.65 
0.55 
0.59 

0.55 
0.56' 
0.54 
0.56 
0.53 

0.56 . 

1 

Average 92.75 Total 48.704 Average 68.6 Average 0.573 

aExtraction well was shut down for nine days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
bExtraction well was out of service for 1 1 days due to replacement of pump, motor and piping. 
'Sampling port was plugged. The value is third quarter average. 
dSampling port was plugged. The value is fourth quarter average. 
'Extraction well was out of service for three days due to construction tie-in. 
'Extraction well was out of service for three days due to chlorination. 
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TABLE A.1-3 

EXTRACTION WELL 31560 
OPERATIONAL SUMMARY SHEET FOR 1999 

- - -  - - -  - -  - 

Reference Elevation (feet AMSL) - 574.93 (top of well) 
Northing Coordinate ('83) - 477,403.1 
Easting Coordinate ('83) - 1,349,028.9 
Hours in reporting period - 8,746 
Hours not pumped - 493 

Hours pumped - 8,253 
Operational percent - 94.4 

Monthly Measurements at Wellfield 

Target pumping rate - 100 gpm 

Uranium Removal Index 
Monthly Average Monthly Uranium (Pounds of Total Uranium 

Pumping Rate Million Gallons Concentration RemovecUMillion Gallons 
Month (gprn) Pumped (Pa) Pumped) 
1/9ga 63 2.833 118.2 0.99 
2/99 99 4.000 124.4 1.04 
3/99 99 4.430 115.4 0.96 
4/99 110 4.791 109.0 0.91 
5/99 99 4.432 90.0 0.75 
6/99 102 4.391 97.9 0.82 

101 4.487 92.5 0.77 
100 4.484 101.9 0.85 
100 4.341 97.1 0.8 1 9/99 

10199 101 4.512 97.6 0.81 
11/99 89 3.819 97.3 0.8 1 
12/99 88 3.945 94.0 0.78 

a ;;;; 

Average 95.9 Total 50.465 Average 102.9 Average 0.86 

aExtraction well was shut down for nine days in an effort to mitigate the hgh  total uranium concentrations at the 
Parshall Flume. 
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TABLE A.1-4 

EXTRACTION WELL 31561 
OPERATIONAL - SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 578.77 (top of well) 
Northing Coordinate (‘83) - 477,660.8 
Easting Coordinate (‘83) - 1,349,254.5 

Hours in reporting period - 8,759 
Hours not pumped - 5 12 

Hours pumped - 8,247 
Operational percent - 94.2 

Target pumping rate - 100 gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration Removedhlillion Gallons 

Month (gpm) Pumped (Pa) Pumped) 
1/9ga 70 3.121 40.0 0.33 
2/99 
3/99 
4/99 
5/99 ’ 
6/99 
7/99 
8/99 
9/99 
10199 
11/99 
12/99 

95 
100 
97 
91 
100 
,101 
101 
101 
102 
91 
89 

3.815 
4.476 
4.169 
4.034 
4.295 
4.491 
4.519 
4.361 
4.542 
,3.888 
4.013 

41.3 
42.8 
37.5 
42.9 
36.3 
37.7 
45.7 - 
44.7 
42.6 
44.5 
45.5 

0.34 
0.36 
0.3 1 
0.36 
0.30 
0.3 1 
0.38 
0.30 
0.36 . 
0.37 ’ 

0.38 

Average 95 Total 49.724 Average 41.8 Average 0.34 

aExtraction well was shut down for nine days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
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June 2000 

EXTRACTION WELL 31562 
OPERATIONAL SUMMARY SHEET FOR 1999 

- - - 
- -  

Reference Elevation (feet AMSL) - 576.21 (top of well) 
Northing Coordinate (‘83) - 477,953.1 
Easting Coordinate (‘83) - 1,349,499.9 

Hours in reporting period - 8,759 
Hours not pumped - 387 

Hours pumped - 8,372 
Operational percent - 95.6 

Target pumping rate - 200 gpm” 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration RemovedNillion Gallons 

Month (gpm) Pumped (vg/L) Pumped) 
1 199 151 6.724 108.3 0.90 
2/99 
3/99 
4/99 
5/99 
6/99 

0 ;;;; 
9/99 
10199 
1 1/99 
12/99 

189 
198 
199 
183 
20 1 
20 1 
200 
200 
202 
178 
175 

7.602 
8.846 
8.528 
8.136 
8.683 
8.949 
8.97 1 
8.657 
8.993 
7.612 
7.888 

111.2 
106.5 
97.3 

120.1 
113.6 
106.8 
120.9 
l i i .6  
114.7 
105.0 
106.5 

0.93 
0.89 
0.81 
1 .oo 
0.95 
0.89 
1.01 
0.93 
0.96 
0.88 
0.89 

Average 190 Total 99.589 Average 1 10.2 Average 0.92 

T o  compensate for the shutdown of Extraction Well 3 1566 and to increase module efficiency, the pumping rate for 
the first quarter continued at 200 gpm at Extraction Well 31562. 
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TABLE A.l-6 

, 

’ EXTRACTION WELL 31563 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 544.36 (top of well) 
Northing Coordinate (‘83) - 477,066.4 
Easting Coordinate (‘83) - 1,348,330 

Hours in reporting period - 8,760 
Hours not pumped - 425 

Hours pumped - 8,335 
Operational percent - 95.1 

Target pumping rate -200 gpm 

2/99 
3/99 
4/99 
5/99 
6/99 
7/99 
8/99 
9/99 
10199 
11/99 
12/99 

190 
193 
20 1 
184 
203 
20 1 
202 
202 
203 
172 
186 

7.658 
8.638 
8.720 
8.203 
8.775 
8.985 
9.039 
8.727 
9.035 
7.336 
8.370 

37.2 
32.8 
36.4 
37.0 
34.4 
31.7 
30.4 
27.9 
25.7 
24.6 
26.4 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration Remove Wil l ion  Gallons 

Month (gpm) Pumped (Pa) Pumped) 
1/9ga 160 7.134 36.3 0.30 

0.3 1 
0.27 
0.30 
0.3 1 
0.29 
0.26 
0.25 ‘ 

0.23 
0.21 
0.21 
0.22 

Average 191 Tota 10.620 Average 31.7 . ,verage 0.26 

aExtraction well was shut down for six days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
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TABLE A.1-7 

EXTRACTION WELL 31564 
OPERATIONAL SUMMARY SHEET FOR 1999 , 

_- . .  _ - -  - _ -  
_ - -  - -  

Reference Elevation (feet AMSL) - 538.65 (top of well) 
Northkg Coordinate (‘83) - 477,124.7 
Easting Coordinate (‘83) - 1,347,880.4 

Hours in reporting period - 8,760 
Hours not pumped - 906 

Hours pumped - 7,855 
Operational percent - 89.7 

Monthly Measurements at WelKield 

Target pumping rate -200 gpm 

Monthly Average Monthly Uranium Uranium Removal Index 
Pumping Rate Million Gallons Concentration (pounds of Total Uranium 

Month (gpm) Pumped (Pa) RemovedMillion Gallons Pumped) 
1/9ga 141 6.304 14.9 0.12 
2/99 
3/99 
4/99 
5/99 
6/99 
7/99 

0 E 
10199 
11/99 
12/99 

189 
196 
203 
177 
201 
203 
203 
201 

199 
63b 

_ -  xu 

7.640 
8.751 
8.808 
7.883 
8.688 
9.057 
9.082 
8.716 
8.953 
8.503 
2.854 

16.8 
13.3 
14.4 
14.4 
14.3 
13.8 
14.5 
14.6 
i4.3 
14.1 
13.5 

0.14 
0.1 1 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.12 
0.11 

Average 165 Total 95.239 Average 14.4 Average 0.11 

‘Extraction well was shut down for nine days in an effort to mitigate the high total uranium concentrations at the 
‘Parshall Flume. 
b L o ~  pumping rate due to variable frequency drive malfunctioning 
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EXTRACTION WELL 31565 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 540.72 (top of well) 
Northing Coordinate ('83) - 477,648.3 
Easting Coordinate ('83) - 1,347,629.9 

Hours in reporting period - 8,760 
Hours not pumped - 382 

Hours pumped - 8,378 
Operational percent - 95.6 

Monthly Measurements at Wellfield 

Target pumping rate -200 gpm 

Uranium Removal Index 
Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration RemovedMillion Gallons - -  

Month (gpm) Pumped (Pg/L) Pumped) 
1/99= 144 6.409 12.6. 0.11 
~ ~. 

2/99 
3/99 
4/99 
5/99 
6/99 
7/99 
8/99 
9/99 

' 10/99 
1 1/99 
12/99 

185 
189 
203 
184 
20 1 
203 
204 
203 
203 
20 1 
187 

7.473 
8.416 
8.794 
8.214 
8.689 
9.048 
9.144 
8.788 
9.039 
8.570 
8.427 

16.4 
13.0 
14.5 
14.9 
15.1 
15.1 

'13.6 
13.0 
12.5 
11.7 
11.4 

0.14 
0.1 1 
0.12 
0.12 
0.13 
0.13 
0.11 
0.1 1 
0.10 
0.10 
0.10 

Average 192 Total 101.011 Average 13.7 Average 0.12 

'Extraction well was shut down for eight days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 



FEMP-ISER-99-F - iUo4 
Appendix A, Att. 1, Revision 0 

June 2000 

TABLE A.1-9 

EXTRACTION WELL 31566" 
OPERATIONAL SuMMmY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 575.16 (top of well) 
Northing Coordinate ('83) - 477,576.1 
Easting Coordinate ('83) - 1,348,361.3 

Hours in reporting period - NAb 
Hours not pumped - NAb 

Hours pumped - NAb 
Operational percent - N A ~  

Target pumping rate - BRSR: 200 gpm 
Present: O gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Galloq Concentration' RemovedMillion Gallons 

. Month (gpm) Pumped (Pa) Pumped)b 
1/99 0 0.001 29.2 NA 
2/99 0 0 8.8 NA 
3/99 0 0 7.7 NA 
4/99 0 0 7.1 NA 
5/99 0 0.002 9.7 NA 
6/99 0 0 5.0 NA 
7/99 0 0.002 7.2 NA 
8/99 0 0.008 7.5 NA 
9/99 n !? 7.4 NA 
1 0199 0 0 NS NA 
1 1/99 0 0 NS NA ' 

12/99 0 0 NS NA 

Average 0 Total 0.013 Average 10.0 Average NA 

aDue to the change in operational status of Extraction Well 3 1566, the pump assembly was removed and used to 
replace the pump assembly in Extraction Well 3 1550. 
%A = not applicable 
WS = not sampled 
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TABLE A.1-10 

EXTRACTION WELL 31567 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 574.84 (top of well) 
Northing Coordinate ('83) - 477,905.5 
Easting Coordinate ('83) - 1,348,854.1 

Hours in reporting period - 8,760 
Hours not pumped - 412 

Hours pumped - 8,348 
Operational percent - 95.3 

Monthly Measurements at Wellfield 

Target pumping rate -100 gpm 

Uranium Removal Index 
Monthly Average Monthly Uranium (pounds of Total Uranium 

Pumping Rate Mdlion Gallons Concentration Removedh4illion Gallons 
Month (gpm) Pumped (Pg/L) Pumped) 
1/99" 71 3.176 38.9 0.32 
2/99 
3/99 
4/99 
5/99 
6/99 
7/99 
8/99 
9/99 
10199 
11/99 . 
12/99 

Average 

96 
100 
113 
93 

100 
100 
101 
100 
101 
185 
172 

111 

3.865 
4.459 
4.875 
4.142 
4.298 
4.470 
4.497 
4.337 
4.521 
7.906 
7.761 

Total 58.307 

41.2 
36.5 
38.4 
40.9 
36.5 
36.7 
45.3 
45.7 
42.5 
41.5 
39.4 

Average 40.3 Average 

0.34 
0.30 
0.32 
0.34 
0.30 
0.3 1 
0.38 
0.38 
0.35 
0.35 ' 

0.33 

0.34 

"Extraction well was shut down for nine days in an effort to mitigate the high total uranium concentrations at the 
ParshallFlume. 

000026 
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TABLE A.1-11 

EXTRACTION WELL 32276 
OPERATIONAL SUMMARY SEEET FOR 1999 

Reference Elevation (feet' AMSL) - 567.14 (top of well) 
Northing Coordinate ('83) - 476,447.3 
Easting Coordinate ('83) - 1,348,857.3 

Hours in reporting period - 8,760 
Hours not pumped - 373 

Hours pumped - 8,386 
Operational percent - 95.7 

Monthly Measurements at Wellfield 

Target pumping rate -300 gpm 

Uranium Removal Index 
Monthly Average Monthly Uranium (Pounds of Total Uranium 

Pumping Rate Million Gallons Concentration RemovedIMillion Gallons 
Month (gpm) Pumped (Pgn) Pumped) 
1/99 ' 277 12.357 180.7 1.51 
2/99 277 
3/99 , 292 
4/99 293 
5/99 271' 
6/99 303 

301 
298 8/99 

7/99 

9/99 3 00 
10199 302 
11/99 262 
12/99 239 

Average 285 Total 

11.165 
13.029 
12.706 
12.062 
13.09.1 
13.430 
13.321 
12.993 
13.441 
11.186 
10.752 

180.7 
175.0 
179.5 
161.2 
176.8 
157.3 
175.4 
178.5 
174.2 
165.2 
161.2 

1.51 
1.46 
1.50 
1.34 
1.47 
1.31 
1.46 
1.49 
1.45 
1.38 ' 

1.34 

49.533 Average 172.1 Average 1.44 
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TABLE A.l-12 

EXTRACTION WELL 3924 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet'AMSL) - 533.5 1 (top of well) 
Northing Coordinate ('83) - 474,2 19.7 
Easting Coordinate ('83) - 1,348,3 14.3 

Hours in reporting period - 8,761 
Hours not pumped - 320 

Hours pumped - 8,441 
Operational percent - 96.3 

Monthly Measurements at Wellfield 

Target pumping rate - 300 gpm 

Uranium Removal Index - 
Monthly Average Monthly Uranium (Pounds of Total Uranium 

Pumping Rate Million Gallons Concentration Removedh4illion Gallons 
Month (gpm) Pumped. (Pa) Pumped) 
1/99 299 13.331 50.0 ' 0.42 
2/99 
3/99 
4/99 
5/99 
6/9ga 
7/99 
8/99 
9/9gb 
10199 
11/99' 
12/99' 

297 
297 
29 1 
284 
276 
295 
298 
273 
294 
276 
264 

Average 287 

1 1.970 
13.240 
12.615 
12.676 
1 1.895 
13.149 
13.290 
11.781 
13.159 
11.941 
1 1.772 

Total 150.819 

48.5 
37.2 
38.9 
33.4 
29.1 
30.6 
38.1 
36.7 
40.3 
40.6 
40.7 , 

Average 38.7 

0.40 
0.3 1 
0.32 
0.28 
0.24 
0.26 
0.32 
0.3 1 
0.34 
0.34 
0.34 

Average 0.32 

aEx?raction well was out of service for two days due to screen rehabfitation. 
kxtraction well was out of service due to replacement of motor. 
'Extraction well was out of service for two days in November and one day in December due to conhuction tie-in 
and distribution system pressure control valve preventive maintenance. 
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EXTRACTION WELL 3925 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 542.01 (top of well) 
Northing Coordinate ('83) - 474,3 19.7 
Easting Coordinate ('83) - 1,348,565.4 

Hours in reporting period - 8,745 
Hours not pumped - 332 

Hours pumped - 8,4 13 
Operational percent - 96.2 

Target pumping rate -300 gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration Removed/Million Gallons 

Month (gpm) Pumped (Pa) Pumped) 
1/99 296 13.215 32.5 0.27 
2/99 
3/99 
4/99 
5/99 
6/9ga 
7/99 
8/99 
9/99 
10199 
1 1/9gb 
12/9gb 

289 
295 
288 
283 
275 
298 
298 
297 
295 
273 
268 

11.658 
13.179 
12.490 
12.609 
11.873 
13.282 
13.293 

13.192 
11.833 
11.683 

.,. - c -  
IL.LI33 

36.1 
35.3 
35.2 
35.4 
32.0 
29.5 
34.1 
32.4 

'. 32.1 
30.2 
31.9 

0.30 
0.29 . 

0.29 
0.30 
0.27 
0.25 
0.28 
0.27 
0.27 
0.25 
0.27 

Average 288 Total 151.162 Average 33.1 Average 0.28 

aExtraction well was out of service for two days due to screen rehabilitation. 
bExtraction well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
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TABLE A.l-14 

EXTRACTION WELL 3926 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 586.73 (top of well) 
Northing Coordinate (‘83) - 474,428.6 
Easting Coordinate (‘83) - 1,348,837.5 

Hours in reporting period - 8,76 1 
Hours not pumped - 825 

Hours pumped -7,936 
Operational percent - 90.6 

Target pumping rate -400  gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration RemovedMillion Gallons 

~~ 

Month (gpm) I Pumped (Pg/L) Pumped) 
1/99 382 17.045 19.9 0.17 
2/99 
3/99 
4/99 
5/99 
6/99 
7/99 
8/9ga 
9/99 
10199 

1 2/99b9‘ 
1 1/9gb 

c 393 
395 
376 
362 
376 
374 
346 
384 
370 
344 
152* 

15.864 
17.626 
16.303 
16.140 
16.215 
16.689 
15.451 
16.579 
16.547 
14.883 
6.753 

23.7 
19.9 
21.3 
21.0 
19.6 
21.9 
23.4 
22.8 
23.1 
24.6 
23.6 

0.20 
0.17 
0.18 
0.18 
0.16 
0.18 
0.20 
0.19 
0.19 
0.21 
0.20 

Average 355 Total 186.095 Average 22.1 Average 0.19 

aExtraction well was out of service for two days due to screen rehabilitation. 
kxtraction well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
‘Extraction well was out of service for 18 days due to well rehabilitation. 
d L o ~  pumping rate due to well rehabilitation 
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TABLE A.l-15 

EXTRACTION WELL 3927 
QPERATIONAL SUMMARY SHEET FOR 1999 

. .  
- - - - ~ 

Reference Elevation (feet AMSL) - 591.84 (top of well) 
Northing Coordinate ('83) - 474,541.8 
Easting Coordinate ('83) - 1,349,127.3 

Hours in reporting period - 8,745 
Hours not pumped - 759 

Hours pumped - 7,986 
Operational percent - 91.3 

Monthly Measurements at Wellfield 

Target pumping rate -500 gpm 

Uranium Removal Index 
Monthly Average Monthly Uranium (Pounds of Total Uranium 

Pumping Rate Million Gallons Concentration Removedklillion Gallons 
Month (gpm) Pumped (Pa) Pumped) 
1/99 493 22.025 1.2 0.01 
-2199 478 19.280 1.2 0.01 
3/99 483 21.555 1.7 0.01 
4/99 465 20.130 1.3 0.01 
5/99 464 20.703 1.6 0.01 
6/99 484 20.910 1.3 0.01 
7/99 480 21.417 1.6 0.01 
8/99 477 2 1.296 1.7 0.01 
n I/ inn 77 489 Zi.i21 1.6 0.01 
10199 463 20.710 1.6 0.01 
1 1/9gGb 193' 8.374 1.5 0.01 
12/99'b 375 16.348 2.1 0.02 

Average 445 Total 233.869 Average 1.5 Average 0.01 

aExtraction well w a s  out of service for two days in November and one day in December due to distribution system 
pressure control valve preventive maintenance. 
bExtraction well was out of service for 15 days in November and six days in December for well screen rehabilitation. 
'Low pumping rate due to well rehabilitation 
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TABLE A.l-16 

EXTRACTION WELL 32308 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 582.05 (top of casing) 
Northing Coordinate ('83) - 475,078.83 
Easting Coordinate ('83) - 1,348,693.9 

Hours in reporting period - 8,745 
Hours not pumped - 1,307 

Hours pumped - 7,438 
Operational percent - 85.1 

Target pumping rate -250 gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration Removedhlillion Gallons 

Month (gpm) Pumped ( P a )  Pumped) 
1/99" 112 5.010 63.0 0.53 
2/99 
3/9gb 
4/9gb 
5/99 
6/99 
7/99 
8/99 
9/99= 
1 0/9gd 
11/99".' 
12/99f*s 

Average 

245 
242 
225 
224 
246 
250 
246 
166 
22 1 
189' 
227 

216 

9.897 
10.787 
9.754 
9.995 

10.609 
11.181 
10.976 
7.192 
9.872 
8.164 
9.913 

Total 113.350 

70.4 
71.0 
70.0 
60.9 
68.3 
63.9 
73.4 
73.0 
75.7 
73.2 
71.5 

Average 69.5 

0.59 
0.59 
0.58 
0.5 1 
0.57 
0.53 
0.61 
0.61 
0.63 
0.61 
0.60 

Average 0.58 

"Extraction well was out of service for 15 days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
bExtraction well was out of service for two days in March and two days in April due to treatment plant maintenance 
per the OMMP. 
%traction well was shut down for nine days per the OMMP. 
dExtraction well was out of service for two days per the OMMP (high uranium in injectate). 
eExtraction well was out of service for four days per the OMMF' (construction). 
'Extraction well was out of service for two days in November and one day in December due to construction tie-in and 
dstribution system pressure control valve preventive maintenance. 
qxtraction well was out of service for two days per the OMMP (high uranium in injectate). 
'Low pumping rate due to well being down for construction tie-ins. 
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TABLE A.1-17 

EXTRACTION WELL 32309 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 581.73 (top of casing) 
Northing Coordinate ('83) - 475,109.60 
Easting Coordinate ('83) - 1,348,366.34 

Hours in reporting period - 8,745 
Hours not pumped - 1,3 18 

Hours pumped - 7,427 
Operational percent - 84.9 

Target pumping rate - 250 gpm 

Monthly Measurements at Wellfield 
Uranium Removal Index 

Monthly Average Monthly Uranium (Pounds of Total Uranium 
Pumping Rate Million Gallons Concentration RemovediMillion Gallons - -  

Month (gpm) Pumped (Pa) Pumped) 
1/9ga 105 4.676 81.4 0.68 
2/99 
3/9gb 

5/99' 
6/99 
7/99 
8/99 
1)/9gd 
1 0/9ge 
11/99"g 
12/9gd 

, 4/9gb 

245 
228 
225 
212 
245 
249 
246 
164 
220 

226 
188' 

9.860 
10.195 
9.726 
9.469 

10.589 
11.138 
10.978 

9.834 
8.121 
9.83 1 

-I no- 
I .VOL 

73.2 
72.8 
68.1 
59.3 
65.9 
62.0 
72.4 

77.5 
77.7 
75.6 

I. - 
14. I 

0.61 
0.61 
0.57 
0.49 
0.55 
0.52 
0.60 
0.62 
0.65 
0.65 
0.63 

Average 213 Total 111.499 Average 71.7 Average 0.60 

"Extraction well was out of service for 15 days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
Qxtraction well was out of service for two days in March and two days in April due to treatment plant maintenance 
per the O W .  
'Extraction well was out of service for two days due to screen rehabilitation. 
dExtraction well was out of service for 10 days per the O W .  
CExtraction well was out of service for two days per the Oh4MP (high uranium in injectate). 
'Extraction well was out of service for four days per the OMMP (construction). 
gExtraction well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
hExtraction well was out of service for two days per the OMMP (high uranium in injectate). 
'Low pumping rate due to well being down for construction tie-ins. 

. . .  
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TABLE A.1-18 

PADDYS RUN ROAD SITE GROUNDWATER SUMMARY STATISTICS . 
AND TREND ANALYSIS 

Monitoring Number of Min.4b*c*d Avg . vwVd SDab*C7d - - 
Constituent Well (ma) ( m a )  (ma) (m@) Trend 
Arsenic 2128 21 1 0.00041 0.1876 0.0 13 0.022 Down. significant 

2625 
2636 
2898 
2899 
2900 
3128 
3636 
3898 
3899 

199 
171 
26 
25 
208 
29 
28 
26 
27 

0.0048 
0.01 

0.00035 
0.00032 
0.00032 
0.00085 
0.0006 
0.0006 
0.00032 

0.05 
0.0939 
0.0063 
0.0032 
0.0548 
0.234 
0.0 14 
0.0062 
0.003 

0.012 
0.04 

0.0015 
0.0013 
0.005 1 
0.01 1 
0.002 
0.002 
0.0013 

0.008 
0.02 

0.0013 
0.00082 
0.005 1 
0.043 
0.0024 
0.0012 
0.0008 

DOM~ SiGificant 
Down, Significant 

No Significant Trend 
No Significant Trend 

Down, Significant 
No Significant Trend 

Down, ,Marginal 
No Significant Trend 
No Significant Trend 

3900 27 0.000395 0.0045 0.0023 0.0010 Down, Significant 
Phosphorus 2128 37 0.04 16.2 . 2 3 Down, Significant 

2625 
2636 
2898 
2899 
2900 
3128 
3636 
3898 
3899 
3900 

2625 
2636 
2898 
2899 

3128 
3636 
3898 
3899 

Potassium 2128 . 

2900 . 

24 
23 
27 
24 
25 
36 
27 
25 
26 
27 
29 
24 

0.307 
9.6 

0.005 
0.005 

. 0.07 
0.005 

0.00955 
0.00955 
0.00955 
0.005 
0.83 
0.64 

23 8.51 
27 1.11 
25 1.36 
26 0.0095 
29 1.085 
27 1.09 
26 0.61 
27 0.875 

3900 27 
Sodium 2128 29 

2625 24 
2636 23 
2898 27 
2899 25 
2900 26 
3128 29 
3636 27 
3898 26 
3899 27 
3900 27 

12.3 
170 
1 .05 
0.1 1 
0.96 
I3 
1.1 
1.24 
0.83 
1.26 
18 

6.26 

3.38 
95 

0.08 
0.04 
0.45 
0.4 

0.099 
0.120 
0.13 
0.1 
4.0 
3.4 

3.24 
50 
0.2 
0.03 
0.26 

2 
0.21 
0.246 
0.17 
0.24 
4.6 
1.7 

0.975 
22.9 
16.5 
23 

4.945 
11.2 

0.01355 
3.56 
3.98 
7.29 
6.24 
3.56 

218 82.4 54.7 
5.05 3.65 0.805 
4.66 . 3.57 0.626 

6 1.8 1.2 
3.7 2.4 0.66 

4.24 2.54 0.592 
3.93 2.3 0.70 
3.22 2.38 ' 0.442 
3.19 
75.2 
50.7 
79.9 
29.2 
22.9 
43.3 
13.4 
13 

14.6 
12.1 
10.8 

1.87 
38.2 
33.8 
47 
18.1 
17.0 
28.9 
6.60 
7.9 
9.19 
8.66 
6.17 

0.519 
12.6 
7.88 
16 

4.81 
3.16 
9.69 
3.3 1 
3.0 
1.72 
1.42 
1.91 

No Significant Trend 
No Significant Trend 
No Significant Trend 
No Significant Trend 

Down, Significant 
No Significant Trend 
No Significant Trend 

Down, Marginal' 
Down, Significant 
Down, Marginal 

Down, Significant 
Up, Marginal 

Down, Marginal 
No Significant Trend 

Up, Significant 
Down, Marginal 

Down, Significant 
Down, Significant 

No Significant Trend 
Down, Significant 

No Significant Trend 
No Significant Trend 

Down, Significant 
Down, Significant 
Down, Significant 

No Significant Trend 
No Significant Trend 

Down, Significant 
Down, Significant 

No Significant Trend 
Down, Significant 
Down, Significant . 

"The data are based on unfiltered samples from the Operable Unit 5 remedial investigatiodfeasibility study data set (1988 ' 

through 1993) and 1994 through 1999 groundwater data. 
q f  more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total number of 
samples, and the sample with the maximum concentration is used to determine the summary statistics (minimum, maximum, 
average, and standard deviation [SD]). 
%ejected data qualified with either a R or Z were not included in this count or the summary statistics. ' 

dWhere concentrations are below the detection limit, each result used in the summary statistics is set at half the detection limit. 
'3s = not sampled due to well being dry. 
'Validation qualifier codes are provided in Appendix D of the Sitewide CERCLA Quality Assurance Project Plan (DOE 1998~). 
BNA = not applicable 
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TABLE A.1-19 

Reference Elevation (feet AMSL) - 540.6 (top of well) 
Northing Coordinate ('83) - 476,196.2 
Easting Coordinate ('83) - 1,347,978.2 

Hours in reporting period - 8,752 
Hours not re-injected - 1,390 

Hours re-injected - 7,363 
Operational percent - 84.1 

Target re-injection rate - 200 gpm 

Monthly Measurements at Wellfield 
Monthly Average Re-Injection Rate Million Gallons 

Month (gpm) Re-Inj ected 
1/99"b 126 5.638 
2/99' 175 7.056 

4/99' 179 7.752 

6/99 195 8.416 

3/9gGd 164 7.335 

5/99' 167 7.464 

!c?/?$ 
11/99'' 
12/99' 

, 

200 
194 
91 
176 
156 
161 

8.93 1 
8.643 
3.915 
7.862 
6.668 
7.278 

Average 165 Total 86.958 

'Re-injection well was out of service for two days due to mechanical problems at the treatment plant. 
'Re-injection well was out of service for 10 days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
%e-injection well was out of service for three days in February and three days in March due to screen rehabilitation. 
dRe-injection well was out of service for two days for maintenance. 
%e-injection well was out of service for three days due to treatment plant maintenance 
'Re-injection well was out of service for seven days due to screen rehabilitation. 
%e-injection well was out of service for six days due to screen rehabilitation. 
hRe-injection well was out of service for five days for treatment plant maintenance, per the OMMP. 
'Re-injection well was out of service for seven days per the OW (high uranium in injectate). 
'Re-injection well was out of service for two days per the OMMP (regenerate resin). 
'Re-injection well was out of service for four days due to construction tie-in. 
'Re-injection well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 

. 
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TABLE A.l-20 

RE-INJECTION WELL 22108 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 578.56 (top of well) 
Northing Coordinate ('83) - 476,255.7 
Easting Coordinate ('83) - 1,348,384 

Hours in reporting period - 8,772 
Hours not re-injected - 1,647 

Hours re-injected - 7,125 Target re-injection rate - 150/200 gpma 
Operational percent - 8 1.2 

2/99 
3/99C*d 
4/99' 
5/99' 
6/99 
7/99 
8/99 
9/99@ 
lOI99' 
,1 1/99*' 
12/99'' 

Monthly Measurements at Wellfield 
Monthly Average Re-Injection Rate Million Gallons 

(gpm) Re-Injected 
109 4.847 
144 
133 
154 
175 
195 
197 
193 
129 
175 
153 

Month 
1/9gb 

68"' 
. .  

Average 152 

5.787 
5.933 
6.661 
7.829 
8.409 
8.794 
8.63 1 
5.678 
7.802 
6.543 
3.081 

Total 79.995 

Target re-injection rate increased fiom 150 gpm to 200 gpm in March. 
%e-injection well was out of service for 10 days in an effort to mitigate the high total uranium concentrations at the 
Parshall Flume. 
%e-injection water dwerted fiom the awillary 150 gpm injection pipe back to the main 200 gpm injection pipe. 
%e-injection well was out of service for two days for maintenance. 
"Re-injection well was out of service for five days due to treatment plant maintenance. 
'Re-injection well was out of service for two days due to power outage. 
%e-injection well was out of service for five days for treatment plant maintenance, per the O M .  
%e-injection well was out of service for seven days per the OMMF (€ugh uranium in injectate). 
Re-injection well was out of service for two days to regenerate resin. 
ke-injection well was out of service for four days due to construction tie-in. 
'Re-injection well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
'Re-injection well was out of service for 17 days due to well rehabilitation. 
"Low re-injection rate due to well rehabilitation 

000036 
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TABLE A.1-21 

RE-INJECTION WELL 22109 
OPERATIONAL SUMMARY SHEET FOR 1999 

- . .._ - - - -  - 

Reference Elevation (feet AMSL) - 577.53 (top of well) 
Northing Coordinate ('83) - 476,175.6 
Easting Coordinate ('83) - 1,348,861 

Hours in reporting period - 8,760 
Hours not re-injected - 1 3 3  1 

Hours re-injected - 7,230 
Operational percent - 82.5 

Target re-injection rate - 200 gpm 

Monthly Measurements at Wellfield 
Monthly Average Re-Injection Rate Million Gallons 

Month (gpm) Re-Injected 
1/9ga 123 5.478 
2/99 

4/99Csd 
5/99 
6/99 
7/99 
8/99 

3/9gb 

9/99epfvg 
10/99b 
11/99'J 
12/99 

189 
182 
123 
185 
194 
197 
191 
45 

175 
151 
168 

Average 160 

7.601 
8.132 
5.346 
8.250 
8.364 
8.808 
8.522 
1.970 
7.788 
6.471 
7.579 

Total 84.309 

"Re-injection well was out of service for 11 days to mitigate the high total uranium concentrations at the Parshall 
Flume. 
be-injection well was out of servcice for two days due to maintenance. 
%e-injection well was out of service for seven days due to well screen rehabilitation. 
dRe-injection well was out of service for three days due to treatment plant maintenance. 
%e-injection well was out of service for 10 days due to well screen rehabilitation. 
'Re-injection well was out of service for five days for treatment plant maintenance, per the O W .  
Qe-injection well was out of service for seven days per the OMMP (high uranium in injectate). 
bRe-injection well was out of service for two days to regenerate resin. 
'Re-injection well was out of service for four days due to construction tie-in. 
'Re-injection well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
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. TABLE A.1-22 

RE-INJECTION WELL 221 11 
OPERATIONAL SUMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 583.62 (top of well) . 

Northing Coordinate ('83) - 476,5 18.6 
Easting Coordinate ('83) - .1,350,105 . 

. ' Hours in reporting period - 8,759 Hours re-injected - 7,642 Target re-injection rate - 200 gpm 
. Hours not re-injected - 1 , 1 17 Operational percent - 87.2 

Monthly Measurements at Wellfield 
Monthly Average Re-Injection Rate Million Gallons 

Month (gpm) Re-Injected 
1/99" 127 ' 5.675 
~ .. 

2/99 
3/9gb 
4/99' 
5/99 
6/99 
7/99 
8/99 
9/996' 
10/99' 
11/99@ 
12/9*' 

189 
182 
176 
186 
195 
197 
194 
131 
175 
155 
164 

7.604 
8.133 
7.652 
8.268 
8.416 
8.804 
8.669 
5.663 
7.820 
6.650 
7.407 

Average 173 Total 90.761 

"Re-injection well was out of service for 1 1  days to mitigate the high total uranium concentrations at the Parshall 
Flume. 
%e-injection well was out of servcice for two days due to maintenance. 
%e-injection well was out of service for three days for treatment plant maintenance. 
dRe-injection well was out of service for five days per the OMMP. 
%e-injection well was out of service for seven days per the OMMP (high uranium in injectate). 
'Re-injection well was out of service for two days to regenerate resin. 
%e-injection well was out of service for four days due to construction tie-in. 
%e-injection well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
'Re-injection well was out of service for two days due to malfimction of programmable control system-tracking I 

I module. 

I 



TABLE A.1-23 

RE-INJECTION WELL 22240 
OPERATIONAL SUIMMARY SHEET FOR 1999 

Reference Elevation (feet AMSL) - 577.61 (top of well) 
Northing Coordinate (‘83) - 476,422.8 
Easting Coordinate (‘83) - 1,349,3 87 

Hours in reporting period - 8,759 
Hours not re-injected - 1,03 1 

Hours re-injected - 7,728 Tar 
Operational percent - 88.2 
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June 2000 

et re-injecti n rate - 200 gpm 

Monthly Measurements at Wellfield 
Monthly Average Re-Injection Rate Million Gallons 

(gpm) . Re-Injected 
131 5.829 

Month 
1/9ga 
2/99 
3/9gb 
4/9gc 
5/99 
6/99 
7/99 
8/99 . 

9/994e 
10/99‘ 
11/99”: 
12/9gh 

188 
180 
174 
187 
195 
198 
193 
131 
177 
156 
169 

7.598 
8.036 
7.561 
8.344 
8.419 . 
8.847 
8.653 
5.640 
7.905 

7.624 
6.667 

Total 91.123 Average 173 

aRe-injection well was out of service for 11 days to mitigate the high total uranium concentrations at the Parshall 
Flume. 
%e-injection well was out of servcice for two days due to maintenance. 
’Re-injection well was out of service for three days for treatment plant maintenance. 
%e-injection well was out of service for five days per the OMMP. 
%e-injection well was out of service for seven days per the OMMF’ (high uranium in injectate). 
‘Re-injection well was out of service for two days to regenerate resin. 
%e-injection well was out of service for four days due to construction tie-in. 
?Re-injection well was out of service for two days in November and one day in December due to construction tie-in 
and distribution system pressure control valve preventive maintenance. 
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TABLE A.l-24 

1999 EXTRACTION WELL TARGET PUMPING RATES 

Target Ratesb 
Module Extraction Well Initial Ratesa (gpm) 
South Plume 3924 300 300 

3925 
3926 
3927 
32308 
32309 

300 
400 
500 
250 
250 

300 
400 
500 
250 
250 

Sub-Total 2000 2000 
South Field (Phase 1) Extraction .3 1550 100 100 

31560 
31561 
31562 
31563 
31564 
3 1565 
31566' 

100 
100 
100 
200 
200 
200 
200 

100 
100 
200 
200 
200 
200 
0 

0 31567 100 100 
32276 200 300 

- 

Sub-Total 1500 1500 
Total Pumping 3500 3500 

"With the exception of the pumping rate for Extraction Well 3927, these pumping rates are identical to the design 
pumping rates presented in Table 5-1 of the Baseline Remedial Strategy Report, Remedial Design for Aquifer 
Restoration. The pumping rate for Extraction Well 3927 was increased fiom 400 to 500 gpm on November 6, 1997 
to maxiniize the extent of the eastern edge of the capture zone in this area. 
%e target pumping rates for some wells are different fiom the Baseline Remedial Strategy Report pumping rates 
shown in the f is t  column and were changed based on operational experience with the extraction system These rates 
were established on August 7, 1998, when Extraction Well 31566 was shut down and Extraction Wells 31562 
and 32276 were increased. 
' Th is  well was shut off on August 7,1998 afier operational experience demonstrated its continued operation may 
have been detrimental in meeting system objectives. Pumping rates for Extraction Wells 3 1562 and 32276 were 
increased at that time to compensate for the shut down of Extraction Well 3 1566. . 

004PQGO 
IEMP-~1999\APPENDD(\APP-A\TECHV\PP.WC 23.2000 1204 PM A. 1-30 



;c. 
x 

0 a 

1346400 1347200 1348000 

9200 

- 

'8400 

17608 

76801 

76001 

7520 

17440 

k7361 

47281 

1349600 1350400 1351288 

+ 

+ 

+ 

+ 

$1063 

FEMP BOUNDARY 
o 4 + + MONITORING WELL 

8 EXTRACT I ON WELL 

--e-- 

A RE-INJECTION WELL 
FIGURE A . l - 1 .  WELL LOCATIONS FOR 
RE-INJECTION AND PADDYS RUN ROAD 

+ 

+ 

t 

800 400 0 ' . ;..;!800'FEET 

SOUTH PLUME9 SOUTH F I E L D *  
S I T E  MONITORING A C T I V I T E S  



. 

. 



, 

45 

40 

35 

30 

25 

20 

15 

10 

5 

0 

+Higher uranium concentrations due to either 
contamination resulting from a dirty sampling 
line in the composite sampler; or inadvertant 
valve leakage which results in untreated or 
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FIGURE A.l-3. 1999 TOTAL URANIUM CONCENTRATIONS IN INJECTATE 
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Developed Concentration = 177 pg/L 

200 

180 

160 

140 
n 
J - 
g 120 
C 
0 .- 

I00  
C s 80 
C 
0 
0 

60 

L 
c, 

40 

20 

0 

I The groundwater FRL for total uranium is 20 ,ug/L. 

I 

1 I 1 I I I .  

!-.f. 7/98 10198 . I '.. 1 /99 4/99 7/99 10199 ' 

I 

w 
0 
a 
-!L 



70 
n 

i 2 60 
c .  
0 .- 

50 
c s 40 
E 
0 
0 

30 

L 
CI 

20 

10 

0 
7198 10198 1 /99 4199 1 7199 10199 I 

Sample Date (monthlyear) 
I 

FIGURE A.l-8. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
Modeled Concentration = 79.8 pg/L FOR EXTRACTION WELL 31 563 
Developed Concentration = 30 pg/L 

a 



e 

. I  I 
I 

' I 
I 

The groundwater FRL for total uranium is 20 pglL.  
I I 

25 
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Modeled Concentration = 1 1.9 pglL 
Developed Concentration = 18 pglL 
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A.2 

This attachment discusses the plume maps for all four quarters of 1999 in addition to well and Geoprobe@ 
~. . 

-- - -total-uranium-results-and-statistical-trends; -Monitoring-and-extraction well-locations-associated-with-the 

EMF' are shown in Figure A.2-1 and listed in Table A.2-1 according to the area designations from 

Figure A.2-1. 

- - - -- - - 

Figures A.2-2 through A.2-5 represent the maximum total uranium plume updated with data from the four 

quarters of 1999, respectively. Data collected quarterly fi-om the aquifer are used to progressively update 

the total uranium plume in the following manner: 

e Total uranium concentration data fi-om the most recent quarter are posted on a map with 
the contours fi-om the previous IEMP quarterly status report. The highest total uranium 
value of Type 2,3, or 4 wells at a cluster is selected. The highest concentration 
associated with each Geoprobe@ location is also selected. 

0 If the most recent quarterly concentration fi-om a well is greater than the concentration 
contour value at that location, then the plume is re-contoured to honor the higher value. 

e At some locations, the plume is migrating beneath the Type 2 well screen and above the 
I ype 3 weii screen based on Geoprobe profile sampling dah in h e  area. Ai ';;lese 
locations, if the quarterly concentration measurement from a well is less than what is 
contoured for that location, then the new data are posted but the plume contours are not 
adjusted to honor the new data. 

m @ 

A comparison of these four figures shows that in 1999, the size of the maximum total uranium plume 

increased most significantly in the eastern portion of the South Field area. The changes to the total 

, uranium plume maps are explained below by quarter, including changes based on Geoprobe@ results. 

First Ouarter Total Uranium Plume 

The first quarter 1999 total uranium plume map shown in Figure A.2-2 changed significantly from the 

fourth quarter 1998 map in the northeastern region of the southern uranium plume. Groundwater samples 

collected at Geoprobe@ Location 12408 had a total uranium concentration of 184 pgL. This area of the 

aquifer had been previously mapped as being below 20 pg/L for total uranium. The total uranium plyme 

contours were also modified due to higher total uranium concentrations at Monitoring Wells 2060 

and 3069. Both of these wells lie in the midsection of the South Plume, in proximity to Willey Road. 
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From the first to the second quarter of 1999, the total uranium plume interpretation was modified in the 

vicinity of Monitoring Wells 3027,2390, and 2546. Data collected at 11 Geoprobe@ locations (12409, 

12410,1241 1, 12415, 12416, 12431,12432, 12433, 12434, 12442, and 12443) in the South Field area 

also resulted in significant contour changes in the eastern and southern areas of the plume. The plume 

also changed in the vicinity around the following wells: Monitoring Well 2390 in the South Field area, 

had a total uranium concentration which rose above 100 pgL to 123.3 pg/L and Monitoring Well 2546 

had a total uranium concentration of 110 p a .  Figure A.2-3 presents these changes. 

Additionally, a total uranium concentration of 179.6 pg/L in Monitoring Well 3027 (located in the waste 

storage area [Figure A.2-31) was reported as suspect because it was much higher than previous total 

uranium results, which were generally below 20 pg/L. Additional efforts to determine the source of the 

unusually high total uranium concentration in Monitoring Well 3027 were undertaken during the fourth 

quarter of 1999 and are discussed'below. 

0 Third Quarter Total Uranium Plume 

From the second to the third quarter of 1999, the total uranium plume interpretation was modified in the 

vicinity of Monitoring Wells 2385 and 2049. The total uranium concentration at Monitoring Well 2385 

increased to 255 pg/L, so the area around this well was re-contoured. The concentration at Monitoring 

Well 2049 increased to 178 pg/L, so the area around this well was also re-contoured. Figure A.2-4 

depicts these changes. 

During the second and third quarter, turbidity was high in some groundwater samples. Specifically, if the 

turbidity was high, the measured total uranium concentrations more than likely is not representative of 

mobile uranium in the aquifer. During the samplinglanalysis process, non-mobile uranium, contained 

within the sediments causing the turbidity, is dissolveddigested along with the mobile uranium. This 
results in a uranium concentration that is too high to be representative of the mobile uranium portion of 

the plume. In the groundwater restoration industry, this phenomenon is a recognized issue for all metals 

analyses of turbid, unfiltered samples. The U.S. Department of Energy (DOE) is working with EPA and 

OEPA to modify the sampling protocol to include filtering the sample when the turbidity of the sample 

collected is greater than 5 nephelometric turbidity units (NTU). It is anticipated that the revised protocol 

will be established during the latter portion of 2000. 

:, I ,  ,'. ;. ' A "  
' 

. .  I 
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Third quarter total uranium concentration results for Monitoring Wells 2546 and 2900 exemplified this 

issue. At Monitoring Wells 2546 and 2900, the total uranium concentrations were 123 and 20 pg/L, and 

the turbidity of these samples was >999 and 49 NTU, respectively. These total uranium concentrations 

are-shown in -Figure A2-4, -but-because the-data-are considered-non-representative, the contours do not -- 

honor the data. Note that the second quarter 1999 total uranium result (1 10 pg/L) for Monitoring 

Well 2546, was also associated with a high turbidity (>999 N") sample. Therefore, Figure A.2-4 does 

not carry over the 20 pg/L circular contour found around Monitoring Well 2546 in Figure A.2-3. 

0 

Fourth Ouarter Total Uranium' Plume 

Total uranium plume contours in the fourth quarter 1999 map were modified in the vicinity of Monitoring 

Wells 2552,2385,2049,62433, and 62408. Furthermore, turbidity was a factor in the selection of 

concentration values at Monitoring Wells 2546 and 3027. Figure A.2-5 shows the fourth quarter 1999 

total uranium plume map and results. 

The fourth quarter sample collected from Monitoring Well 2552 had a total uranium concentration of 

33 pg/L. This well is located at the extreme southern tip of the Soutki Plume. Therefore, the 20 pg/L 

uranium plume contour shown on Figure A.2-5 was extended to the southwest to include this location. In 0 
doing so, it shows that this small portion of the plume was not within the capture zone. This shift in total 

uranium concentration at Monitoring Well 2552 has been observed in the past. In the past it has been 

reported that Monitoring Well 2552 is sometimes within the capture zone of the recovery system and 

sometimes outside the capture zone, as water levels in the aquifer fluctuate from seasonal drawdown and 

recharge (DOE 1997e). Turbidity was not an issue with this sample, as the turbidity of the sample was 

1 NTU. 

The plume was additionally modified in the vicinity of Monitoring Well 2385, where contours were 

adjusted to show that Extraction Well 31567 is pulling contaminated water eastward. In addition, 

contours were adjusted in the vicinity of Monitoring Wells 2049,62433, and 62408. Remediation of 

groundwater in the area of Monitoring Wells 62433 and 62408 is expected to improve as soon as the two 

new extraction wells (32446 and 32447) come on line in 2000. 
i 

Turbidity was an issue for two other locations (Monitoring Wells 2546 and 3027). Several groundwater 

samples were collected from these wells in the fourth quarter. For Monitoring Well 2546, the final result 

for the extra sampling was a total uranium concentration of 2.1 pg/L, taken from a filtered sample, as the 

unfiltered turbidity was >999 NTU. For Monitoring Well 3027, the final result of the extra sampling was 
I I # < ,  
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a total uranium concentration of 45.15 pg/L, taken from an unfiltered sample, as the turbidity was 0 NTU. 

As previously identified, additional efforts to determine the source of the unusually high total uranium 

concentration in Monitoring Well 3027, which occurred during the second quarter, were undertaken 

during the fourth quarter of 1999. These efforts included a camera survey of the well to determine if 

perched water was leaking into the well; removing the dedicated pump and cleaning it; pumping the well 

to remove accumulated sediment; and collecting samples with varying turbidity and analyzing them for 

total uranium. Results of the camera survey indicated that the well was not leaking. As indicated above, 

it is more than likely that the higher concentrations were caused by higher turbidity samples. 

0 
. 

Geourobe@ SamDle Results 

As previously noted, uranium plume profiling via the direct push Geoprobe@ method was also conducted 

in 1999 and incorporated into the quarterly uranium plume map interpretations. The Geoprobe@ work 

was completed to address three separate needs. These needs were: 

0 Support of the Re-Injection Demonstration along the southern property boundary 
0- Remedy -performance-moni toring-ir-the-South-Field-area 

0 
0 he-design sampling in the waste storage area. 

Six rounds of direct-push sampling for total uranium in groundwater were conducted from May 1998 

through November 1999 in support of the Re-Injection Demonstration, which is located along the 

southern property boundary. 

0 

0 Round B: July 1998 
0 

0 Round D: March 1999 
0 

0 

Round A: May through June 1998 

Round C: December 1998 through January 1999 

Round E: June through July 1999 
Round F: September through November 1999. 

These data were used to create eight cross-sections: A-A’ and B-B’ for Round A (Figures A.2-6 
and A.2-7); C-C’ for Round B (Figure A.2-8); D-D’ for Round C (Figure A.2-9); E-E’ for Round D 
(Figure A.2-10); F-F’ for Round E (Figure A.2-11); and G-G’ and H-H’ for Round F (Figures A.2-12 
and A.2-13). 

The locations comprising Cross-Section A-A’ are downgradient of each re-injection well. This 
cross-section serves as a benchmark for the total uranium plume’s shape (out in front of the five 
re-injection wells) prior to the start of the active restoration in this area. At the end of the one-year 

Re-Injection Demonstration, Geoprobe@ samples were collected from the same five locations to 
determine the effect that one year of active pumping and re-injection in this area had on the plume (refer 
to Cross-Section H-H’). 
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Cross-Section B-B’ consists of three locations, immediately east, west, and downgradient of Re-Injection 
Well 22109. Re-Injection Well 22109 is located in an area of the total uranium plume that has total 
uranium concentrations over 400 pg/L. This cross-section will serve as a benchmark for the total uranium 
plume’s shape around Re-Injection Well 22109 prior to the start of the active restoration in this area. A 

0 
- - -  __ - - -  

- draft-Re-Injection DemonstSion TesfRepoa for the Aquifer Restoration and Wastewater Project 
(DOE 2000b) was issued in June 2000 with a complete interpretation of these results. 

These three locations were re-sampled using the Geoprobe@ on a quarterly basis during the Re-Injection 
Demonstration to determine the effect of re-injection and pumping on the plume (Cross Sections B-By, 

C-C’, D-D’, E-E’, F-F’, and G-G’). Rounds of Geoprobe@ sampling at these three locations occurred in 
July 1998, January 1999, March 1999, June and July 1999, and September and November 1999, and were 
presented in the 1999 EMF’ quarterly status reports. 

Geoprobe@ sampling to support remedy perfonnance monitoring were collected at 12 locations (12408, 

12409, 12410,1241 1,12415,12416, 12431,12432,12433,12434,12442, and 12443) in the South Field 
area. As previously noted, this sampling resulted in significant contour changes in the eastern and 

southern areas of the plume in the South Field area. This Geoprobe@ sampling effort also identified the 
need for the installation of additional extraction wells on the eastern side of the on-property portion of the 
southern plume. The installation of these additional extraction wells during 1999 was E? teqcirc! tc 

maintain capture of the plume; however, they were necessary to support the accelerated aquifer 
remediation schedule. This information was communicated to the EPA and OEPA through conference 
calls. The new extraction wells (32446 and 32447) were installed in the fourth quarter of 1999 as 
indicated in Attachment A. 1. 

0 

Pre-design Geoprobe@ results from direct-push sampling in the waste storage area at Geoprobe@ 
Locations 12614, 12615, 12616, 12618, and 12619 were posted to the fourth quarter total uranium plume 
map but did not change the contours. This sampling is being conducted to support the design of the 
Waste Storage Area Aquifer Restoration Module. This sampling is scheduled for completion in 2000; 

subsequently, the data will be used to develop a conceptual design report. The report will identify the 
proposed locations of extraction wells and will contain the data used to select the proposed locations. 

Early in 2000, the pre-design characterization continued utilizing a total of 30 direct-push sampling 
locations in the waste pit and Plant 6 areas. The specific objectives of this characterization were to better 
define the vertical and lateral extent of the uranium plume so thal b e  number and location of extraction 
wells required for the remediation could be defined. Although the information was not collected as part 
of the 1999 IEMP monitoring program, the significance of the new data warrants its mention in this 

. -. 

report. 
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Prior to this characterization effort, uranium contamination in the waste storage area was interpreted as a 

single large uranium plume. As a result of the recent data, this interpretation has been refined to depict 

three individual plumes beneath the waste storage area. The most significant is a relatively narrow 

east-west trending plume that parallels and extends east of the Pilot Plant Drainage Ditch. The source of 

this plume, which has uranium concentrations up to 566 pg/L is thought to be infiltration through the bed 

of the drainage ditch. The second plume, whose boundaries may not have been fully defined due to the 

inability to sample beneath portions of Operable Unit 4 and the Bio-Surge Lagoon, is located south of the 

Bio-Surge Lagoon and east of Operable Unit 4. The plume appears to be shallow with a maximum 

uranium concentration of 3 1 pg/L measured at the water table. Further definition of this plume will be 

required after removal of Operable Unit 4 sources and the Bio-Surge Lagoon. The third, northernmost 

plume is located east of the Waste Pit 1 ,3  and clearwell area. To be conservative, it has been 

characterized as existing beneath these features. Confirmation of its actual presence beneath the waste 

pits/cleawell will have to wait until the waste pits/clearwell have been remediated. A maximum uranium 

concentration of 30 pLg/L was measured approximately 10 feet below the water table. 

Additional characterization of the Plant 6 area detected no uranium concentrations above the FRL of - 
20 pg/L at any of the sampling points. . 

Additional discussion and illustrations of the results of this characterization effort will be presented in the 

Engineering Design of the Great Miami Aquifer Remedy in the waste storage and Plant 6 areas and 

summarized in forthcoming IEh4P quarterly status reports. 

1999 Total Uranium Statistics and Trends 

rsus time plots for Figures A.2-15 through A.2-139 present total uranium concentration v 11 Ern 
monitoring wells. All figures show unfiltered and detected results with the exception of Monitoring 

Wells 2546 and 3027, where some of the unfiltered results were not used as the associated turbidity 

readings were high. 

Tables A.2-2 and A.2-3 list the monitoring wells and extraction wells, respectively, where total uranium 

concentrations exceeded the 20 &L. FRL. during 1999. Included in the tables are statistical summaries 

for total uranium concentrations at each well and a calculated statistical trend. Additionally, as indicated 

in Tables A.2-2 and A.2-3 and Figure A.2-14, 11 wells with total uranium FRL. exceedances had Up, 

Significant trends based on the Mann-Kendall test for trend. However, these 11 wells with exceedances 

and Up, Significant trends were within the 10-year, uranium-based restoration footprint: 

. 

0 00 0 G7 
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e Monitoring Well 3027 is located in the waste storage area east of Waste Pit 6. The total 
uranium concentration was 45.15 pg/L in fourth quarter 1999, with an associated 
turbidity of 0 NTU. As shown in Figure A.2-82, the graphical trend of the data for 1999 
is decreasing from a second quarter 1999 high of 179.6 pg/L, with an associated turbidity ~- - 

Of>999-rn.  - - - - - 
_ .  - 

e Monitoring Well 2648 is also located in the waste storage area. The total uranium 
concentration was 2 1.04 pg/L in fourth quarter 1999, with an associated turbidity of 
1 NTU. As reported in the Integrated Environmental Monitoring Status Report for 
Second Quarter 1999 (DOE 1 9 9 9 ~ ) ~  in December of 1998, the integrity of this well was 
compromised for a period of time due to surface water infiltration. As shown on 
Figure A.2-69, total uranium concentrations decreased from 57.3 llgn in fourth 
quarter 1998 to 19 pg/L in first quarter 1999. Sample turbidity also decreased (172 and 
86 NTU, respectively) for those samples. However, the second quarter 1999 result was 
73.7 pg/L, with an associated turbidity of 44 NTU. The lower concentrations in this well 
indicate that surface water infiltration problems noted in previous IEMP reports have 
been curtailed. However, sample turbidity may also be a factor with the concentrations 
associated with this well. Future samples may be filtered pending EPA and OEPA 
concurrence with revised sampling protocol previously discussed. 

e Monitoring Well 2397 is located in the eastern portion of the South Field area. This well 
is within the capture zone created by the South Field (Phase I) Extraction Module. The 
well appears to be monitoring the progression of the more concentrated plume fi-om the 
west on its way to Extraction Well 31562. Samples were not collected from this well in 
fourth quarter 1999 or first quarter 2000 d - ~  te it bekg &I. T?~zec s&ijAe atternpis were 
made in the fourth quarter. The first time was December 22, 1999, when the sample 
technicians could not get water out of the dedicated pump. The second time was 
December 28,1999, when the QED Micropurge@ dedicated pump was pulled and the 
well was bailed dry. The third time was December 29, 1999, when the well went dry 
before enough water was obtained to take water quality measurements. Although this 
well was not sampled in the fourth quarter of 1999, the third quarter total uranium 
concentration was 414.9 pg/L. Refer to Figure A.2-49 for total uranium concentration 
results . 

e Monitoring Well 2385 is located just east of the former inactive flyash pile. The total 
uranium concentration was 592.2 pg/L in fourth quarter 1999, which is the maximum 
result fi-om 1988 through 1999. As noted in Attachment A.1, uranium contamination 
from the plume emanating from the area beneath the former inactive fly ash pile area is 
being drawn toward the extraction wells to the east of Monitoring Well 2385. Refer to 
Figure A.243 for total uranium concentration results. 

Monitoring Well 2049 is located near the geographic center of the South Field (Phase I) 
Extraction Module. The total uranium concentration was 164.4 pg/L in fourth 
quarter 1999, which was slightly less than the third quarter 1999 concentration of 
177 pg/L. As shown in Figure A.2-30, the overall trend for total uranium concentrations 
is increasing since the third quarter of 1997. As noted in the Integrated Environmental 
Monitoring Status Report for Fourth Quarter 1999 (DOE 2000a), this increase may be 
due to the pumping of Extraction Well 3 1563, which could be drawing the uranium 
plume back toward it from the east. Continued sampling will determine whether the 
concentration trend continues to increase. 

e 

. / ,  , :-ji.l  
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0 0 Monitoring Wells 2398 and 3069 are located near the northeastern lobe of the southern 
uranium plume. The overall Up, Significant trends in both wells were also reported in 
the 1997 and 1998 Integrated Site Environmental Reports. However, Figures A.2-50 
and A.2-91 (for Monitoring Wells 2398 and 3069, respectively) show downward trends 
in concentration for 1999. It is anticipated that two new South Field extraction wells 
installed in the fourth quarter of 1999 will accelerate remediation of the plume in th s  
area. 

0 Extraction Wells 3925 and 3926 are South Plume extraction wells; the Up, Significant 
trends indicate that contamination was being drawn to the wells fiom the higher 
concentrations in the central portion of the plume to the north. In addition, Up, 
Significant trends were calculated for South Plume Monitoring Wells 2544 and 3095, 
which are situated north of Extraction Well 3925. The last total uranium result in 1999 
for Monitoring Well 2544 was 41 pg/L, which is greater than the last uranium result in 
1998 of 12 pg/L (Figure A.2-60). A slight decreasing trend is shown for Monitoring 
Well 3095 (Figure A.2-94), where total uranium concentrations were 36 and 40 pg/L in 
the fourth quarters of 1999 and 1998, respectively. Although their overall calculated 
trends are increasing, the total uranium concentration at Extraction Well 3925 was 
30 pg/L in fourth quarter 1999 which is less than the total uranium concentration of 
38.85 pg/L detected in this well during fourth quarter 1998 (Figure A.1-13). In addition, 
the concentration at Extraction Well 3926 for fourth quarter 1999 was 25 pg/L, which is 

. 

increasing compared to 20.14 pg/L in fourth quarter 1998 (Figure A.1-14). 

As restoration progresses, it will become increasingly important to follow Down, Significant trends as 
well. In 1999, 13 monitoring wells with total uranium FRL exceedances displayed Down, Significant 
trends (refer to Table A.2-2). With the exception of Monitoring Well 2128, these wells are located in the 
South Plume and South Field areas (Figure A.2-14), where active groundwater restoration pumping began 
in 1998. Down, Significant trends were also observed at 10 extraction wells (Table A.2-1) in the South 
Field and South Plume areas (Figure A.2-14). Trending of uranium concentrations in monitoring wells 
and extraction wells will continue as restoration progresses. These trends will be useful in tracking the 
progress of the groundwater restoration, as well as, identifjmg operational changes to the aquifer 
restoration. 

It should be noted that the trend at South Field Extraction Well 3 1566 is no longer increasing in 1999. In 
the 1998 Integrated Site Environmental Report, this well's total uranium concentrations indicated an Up, 
Significant trend. This well was shut down in August 1998 because of lower than expected uranium 
concentrations and water yields. 
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TABLE A.2-1 

LISTING OF IEMP GROUNDWATER WELLS 

Well ID Well Location' Monitoring Activity 
13 - - -  D,E,F Private Well Monitoring - 

- i 4  N A ~  Private Well Monitoring 
67 H KC-2 Warehouse 
2002 D South Plume Module 
2008 A Waste Storage Area Module 
2009 A Waste Storage Area Module 
2014 B South Field Extraction System Module 

South Plume Module 
2015 D,E Re-Injection Demonstration Module 
2017 D,E South Plume Module 
2027 A Waste Storage Area Module 
2032 A Waste Storage Area Module 
2033 A Waste Storage Area Module 
2034 A Waste Storage Area Module 
2045 B South Field Extraction System Module 
2046 B South Field Extraction System Module 
2049 B South Field Extraction System Module 
205 1 F Property Boundary Monitoring 
2054 C Plant 6 Area Module 

South Plume Module 
2060 (1 2) D,E Re-Injection Demonstration Module 

South Field Extraction System Module 
Property Boundary Monitoring 

B 2068 

2070 E,F Kc-ljij ecti=uon Seiiicmi~athn ivioduie 
2093 D South Plume Module 
2095 D South Plume Module 

South Plume Module 
Property Boundary Monitoring 

. 2106 D,E,F Re-Injection Demonstration Module 
21 18 C Plant 6 Area Module 
2125 D South Plume Module 
2128 D South Plume Module 

South Plume Modules 
Property Boundary Monitoring 

2166 D,E,F Re-Injection Demonstration Module . 
2385 B South Field Extraction System Module 
2386 B South Field Extraction System Module 
2387 B South Field Extraction System Module 
2389 C Plant 6 Area Module 
2390 B South Field Extraction System Module 
2396 D South Plume Module 
2397 B South Field Extraction System Module 

South Plume Module 
Property Boundary Monitoring 

2398 D,E,F Re-Injection Demonstration Module 
2402 B South Field Extraction System Module 
2417 F Property Boundary Monitoring 
2424 F Property Boundary Monitoring 
2426 F4 Property Boundary Monitoring 
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TABLE A.2-1 
(Continued) 

Well ID Well Locationa Monitoring Activity 
2429 F Property Boundary Monitoring 
2430 F Property Boundary Monitoring 
243 1 F Property Boundary Monitoring 
2432 F Property Boundary Monitoring 
2434 D,E,F South Plume Module 
2544 D South Plume Module 
2545 D South Plume Module 
2546 D South Plume Module 
2550 D South Plume Module 
255 1 D South Plume Module 
2552 D South Plume Module 
2553 D South Plume Module 
2625 D South Plume Module 
2636 D South Plume Module 
2648 A Waste Storage Area Module 
2649 A Waste Storage Area Module 
2733 F Property Boundary Monitoring 
282 1 A Waste Storage Area Module 
2880 D South Plume Module 
2881 D South Plume Module 
2897 D South-Plume-Module 
2898 
2899 
2900 
3009 
3014 
3015 
3027 
3032 
3034 
3045 
3046 
3049 
3054 
3067 
3068 
3069 
3070 
3093 
3095 
3106 
3 125 
3128 
3385 
3387 
3390 
3396 
3397 
3398 

' 3402 
3417 
3424 
3426 

F 
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3429 

{\ 
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South Plume Module 
South Plume Module 
South Plume Module 

Waste Storage Area Module 
South Field Extraction System Module 

South Plume Module 
. Waste Storage Area Module 

Waste Storage Area Module 
Waste Storage Area Module 

South Field Extraction System Module 
South Field Extraction System Module 
South Field Extraction System Module 

Plant 6 Area Module 
Property Boundary Monitoring 

South Field Extraction System Module 
South Plume Module 

Property Boundary Monitoring 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 

South Field Extraction System Module 
South Field Extraction System Module 
South Field Extraction System Module 

South Plume Module 
South Field Extraction System Module 

South Plume Module 
South Field Extraction System Module 

Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 
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TABLE A.2-1 
- 

(Continued) 
30 0 4  

Well ID Well Location" Monitoring Activity 
343 1 F Property Boundary Monitoring 
3432 
3550-- - 

355 1 
3552 
3636 
3733 
3821 
3880 
3881 
3897 
3898 
3899 
3900 
3924 
3925 
3926 
3927 
4067 
4125 
4398 
4424 
4426 
4432 
6880 
6881 
1033 
1063 
1192 
1194 
2198 
31217 
32308 
32309 
31550 
31560 
31561 
31562 
31563 
31564 
31565 
3 1566 
3 1567 
32276 
41217 
62408 
62433 

F 

D 
D 
D 
F 
A 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
F 
D 

D,E,F 
F 
F 
F 
D 
D 
B 
D 
B 
D 
F 
F 
D 
D 
B 
B 
B 
B 
B 
B 
B 
B 
B 
B 
F 
B 
B 

D- 
. Property-Boundary-Monitoring 

South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 

Property Boundary Monitoring 
Waste Storage Area Module 

South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 
South Plume Module 

Property Boundary Monitoring 
South Plume Module 
South Plume Module 

Property Boundary Monitoring 
Property Boundary Monitoring 
Property Boundary Monitoring 

En&+& pki-Le ?&&& 
South Plume Module 

South Field Extraction System Module 
South Plume Module 

South Field Extraction System Module 
South Plume Module 

Property Boundary Monitoring 
Property Boundary Monitoring 

South Plume Optimization Module 
South Plume Optimization Module 

South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 
South Field Extraction (Phase I) Module 

Property Boundary Monitoring 
South Field Extraction System Module 
South Field Extraction System Module 

"Well location refers to Figure A.2-1. 
%A = not applicable. This well is located near the southeast comer of the FEMP. 
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TABLE A.2-2 
' I  

SUMMARY STATISTICS AND TREND ANALYSIS OF MONITORING WELLS 
FOR TOTAL URANIUM WITH 1999 RESULTS ABOVE FINAL REMEDIATION LEVEL 

2008 
2009 
2015 
2033 
2045 
2046 
2049 
2060 (1 2) 
2095 
21033 
2106 
2166 
2385 
2386 
2387 
2390 
2397 
2398 
2544 
2545 
2546' 
2550 
2552 
2648 
282 1 
3027' 
3068 
3069 
3095 
3125 
3390 
3550 
4398 
62408 
62433 
6880 
6881 

.16 
12 
42 
8 

22 
21 
20 
47 
33 
11 
38 
22 . 
14 
14 
14 ' 
13 
14 
32 
24 
26 
14 
26 
25 
13 
7 
9 
16 
40 
34 
31 
12 
26 
29 
2 
2 
1 
1 

5 
13.6 
1.3 
3.3 

30.707 
56.6 

3 
8.4 
27 

15.724 
6.059 

48 
76.648 
6.67 
68.7 

79.104 
212 

0.663 
0.4 
7.6 
0.4 
3.3 
12 

9.61 
22.3 
0.2 

0.028 
0.5 
2 

19.3 . 
70.525 

2.5 
0 

86.419 
33 1.94 

145 
30 

25.4 
39.2 
290 

104.288 
462 
907 

17?.893 
332 
208 
43.2 
88.6 
95.1 

592.164 
43.43 1 

492 
163 

500.937 
35.697 

106 
144 
120 
33 

73.74 
32.6 

45.151 
50.657 
398.33 

94 
82 
110 
58 

25.2 
152.342 
450.478 

NA 
NA 

-521- 

. 18 
23.3 
150 
65 
233 
364 
90 
80 
130 
27.7 

, 49.4 
69 

204.98 
23.1 
166 
100 
34 1 
16.9 
30 
32 
20 
72 
19 

29.7 . 
27.5 , 

17 
3.8 

t 130 
17 
49 
88 
6.5 
1.01 
NA 
NA 
NA 
NA 

5 
6.80 
41 
34 
120 
263 
60 
72 
42 

8.94 
17.0 
11 

135.28 
11.4 
122 
24.2 
71.1 
9.70 

-1 00 
21 
37 
21 
4.8 
18.7 
3.56 
17 
13 
120 
18 
16 
13 
11 

4.66 
NA 
NA 
NA 
NA 

No Significant Trend 
No Significant Trend 

Down, Significant 
Up, Marginal 

Down, Significant 
Down, Significant 
Up, Significant 

Down, Significant 
Down, Marginal 

Down, Significant 
Down, Significant 

No Significant Trend 
Up, Significant 

Up, Marginal 
Down, Significant 

No Significant Trend 
Up, Significant 
Up, Significant 

Down, Significant 
No Significant Trend 

Down, Significant 
Down, Significant 
Up, Signifrcant 

Down, Significant 
Up, Significant 
ewn, Marginal 
Up, Significant 
Up, Significant 

No Significant Trend 
Down, Significant 
Down, Significant 

No Significant Trend 
NA 
NA 
NA 
NA 

-Up&gnificant- 

"summary statistics and Mann-Kendall test for trend are based'on unfiltered samples from the Operable Unit 5 remedial 
investigatiodfeasibility study data set (1 988 through 1993) and 1994 through 1999 groundwater data. 
bumore than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the number of samples, and 
the sample with the maximum concentration is used for determining the summary statistics (minimum, maximum, average, and standard 
deviation [SD]) and Mann-Kendall test for trend. 
%ejected data qualified with either a R or Z were not included in this count, the summary statistics, or Mann-Kendall test for trend. 
%or results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for 
trend are each set at half the detection limit. 
?f the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are 
reported. If the number of samples is equal to three, then the minimum, maximum, and average are reported. If the number of samples 
is equal to two, the minimum and maximum are reported. If the number of samples is equal to one, then the data point is reported as the 
minimum. 
'Some results from 1999 were excluded from summary statistics and trend analysis because of high turbidity. 
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'0 TABLE A.2-3 

SUMMARY STATISTICS AND TREND ANALYSIS OF EXTRACTION WELLS 
WITH 1999 RESULTS ABOVE FINAL REMEDIATION LEVEL 

No. of Samples Minimumab'c Maximumbb*c Averageabec Standard Deviationabsc 
Well Since 1 9 W b  (Pa-)  ( P a )  (Pgn) ( F a )  ~ _-Trenda!? p l ~  - - - - - ume Module (August 27, 1993through December 3 1, 1998) 
3924 148 21.4 180 47 20 Down, Significant 
3925 154 , 0.5 84 30 10 Up, Significant 
3926 151 1.5 39 15 7.8 Up, Significant 
South Plume Optimization Module (August 9,1998 through December 3 1,1998) 
32308 120 50.8 100.1 72.8 7.29 Down, Significant 
32309 118 50.5 122.8 81.8 12.1 Down, Significant 
South Field (Phase I) Extraction Module (July 13,1998 through December 31,1998) 

18.7 
27.1 
10.1 
18.4 
9.50 
10 
7.4 

39.0 

85.0 
126 
47.6 
119 
38.5 
9.0 
43 
203 

Down, Significant 
Down, Significant 
Down, Significant 
DOW, Significant 
Down, Significant 

No Significant Trend 
Down, Significant 
Down, Significant 

31550 
31560 
31561 
3 1562 
3 1563 
3 1566 
3 1567 
32276 

104 
107 
106 
106 
104 
96 
107 
109 

49.3 
79.9 
29.6 
46.1' 
23.6 
2.5 
27.2 
114 

127.9 
182.8 
114' 
175.7 
65.4 
72.8 
67 

290.2 

"If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the number of samples, and 
the sample with the maximum concentration is used for determining the summary statistics (rmnimum, maximum, average, and standard 

1. deviation [SD]) and Mann-Kendall test for trend. 
%ejected data qualified with either a R or Z were not included in th~s count, the summary statistics, or Mann-Kendall test for trend. 
Tor results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for 
UCIIU ~ I C  M L i i  sci ai 'naif the detection iimit. 
%s result (sampled 8/31/98) appears to be an outlier. It is suspected that the sample for this well was switched with the sample for 
Extraction Well 31562 (refer to Figures A.l-6 and A.l-7). 
This result (sampled 813 1/98) appears to be an outlier. It is suspected that the sample for this well was switched with the sample for 
Extraction Well 31561 (refer to Figures A.l-6 and A.l-7). 

.---A __- - - -  

0 
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FIGURE A.2-38. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 2106 
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FIGURE A.2-48. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 2396 
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FIGURE A.2-49. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 2397 
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FIGURE A.2-50. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
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FIGURE A.2-51. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
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FIGURE A.2-52. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
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FIGURE A.2-53. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 2424 
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FIGURE A.2-125. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
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FIGURE A.2-127. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
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FIGURE A.2-130. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 6881 

. ' y 
I 

(r3 
0 
0 
a 



50 

45 

40 

35 

c 
0 .- 25 
L 
c, 
E 

15 

10 

5 

'0 

I ................ 

... - c  ............ 
. .  

I 

. - - . - - - - - . - -  .,.. - 

I .  

... - r  * -  - -  - - - - 8 -  - - 
. I  

The groundwater 

.... - c  ........................ A * - . - -  
\. i 

....... 

.I \ I 

.......... . .t 
\ 

1988 1989 1990 1991 1992 1993 1994 1995 1996 

Sample Date (year) 

FIGURE A.2-131. TOTAL URANIUM CONCENTRATION VS. T 
FOR MONITORING WELL 21033 

1997 1998 1999 

ME PLOT 

, 
e-- . 



I I 
25 

I -  ' .  . ,  
' I  

20 

5 - 
15 

5 

I C  

0 

The groundwater'FRL.for total uranium is 20 ,ug/L. 
1 I .  

1 

I :  

I '  

I 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Saimple Date (year) 

FIGURE A.2-132. TOTAL URANIIJM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 21063 



900 

800 

....... .... ........ .... ........ r - - - - - - -  

. ,  

' ,  I 

-I I ...... -:- ....... ;-. ..... -:. ...... .:. ...... -; ....... .:. ...... -:- ... ...... -:. ....... l.. ..... -; ....... 

........ ......... r - - - -  - - - -  I I  ; -,- - - - - - - - . - - .  . I  O0 1- The groundwater FRL for total 'uranium is 20 pgll'. 

0 I I I I I 1 1 I I 1 

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Sample Date (year) 

FIGURE A.2-133. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 21 192 



. .  

I 20 

n 

i 
15 

C 
0 .- 
c, e -  

10 

c, c 

E 
0 
0 

I 

The groundwater FRL for total uranium is 20 ,ug/L. 
I .  

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Saimple Date (year) 

FIGURE A.2-134. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 21 194 



25 

20 

n 
J 

3 15 

' I  

The groundwater FRL for 

I 

total uranium is 2OpglL. I 

I .  I .  I .  

1988 1989 1990 I991 1992 1993 1994 1995 1996 1997 1998 1999 

Sample Date (year) 

FIGURE A.2-135. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 221 98 



r 
I 

I I 
. I  I , 

I 

The groundwater FRL for total uranium is 20 pgl'L. , a  

20 

.- 
c, E 
c, 
C a 

0 
0 

10 

5 

, .  I .  , .  

1988 1989 1990 1991 1992 '1993 1994 1995 1996 1997 1998 1999 

Saimple Date (year) 

FIGURE A.2-136. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 31217 

1 

D ' 
. I  

0 
' A  



' I  

The groundwater FRL for total uranium is 20 ,ug/L. 
P 25 

20 

n 

i 
15 

C 
0 .- 
c, E -  
c, r 
Q) 

0 
0 

10 

I .  I .  I .  I .  

I 

1 I 1 I 1 1 I 
1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

I Sample Date (year) I 
FIGURE A.2-137. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 

FOR MONITORING WELL 41217 



- .  

250 

200 

A 

-1 - 
\ 

150 

50 

0 

.' I , 

--......---- 
I .  

FRL fo; total 

--I 

. .  
I .  

' ,  

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 1 
Salmple Date (year) 

FIGURE A.2-138. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 62408 

.' y 
' I  

c3 
0 
0 
a 



L I I 

I I I I  
0 

250 E 
c, 
C a 

0 
0 

g 200 

150 

100 

50 

0 

.J 

d -  ce, 
500 

450 

400 

. .  

I 

I 

1 I 1 I I I I I 1 I 1 

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Sample Date (year) 

FIGURE A.2-139. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 62433 

e 0 



7- 3004 

ATTACHMENT A.3 

GXQUNDWATER ELEVATIONS AND CAPTURE ASSESSMENT 

I 

000284 



- 0 .  
FEMP-ISER-9 9-FMAL 

Appendix A, An. 3, Revision 0 
June 2000 

ATTACHMENT A.3 
7- 30 0 4  
4 .  A .  

Groundwater elevation maps are shown in Figures A.3-1 through A.3-4 for Type 2 groundwater 

monitoring-wells for the fourquarters of 1999. The Type 3 maps are not provided, in accordance with 
- .  - - _  . 

EPA.and OEPA (DOE 2000d-Comment #5). Each groundwater elevation map contains the following 

quarter-specific information: 

e Groundwater elevation data and resultant water table contours 

e Interpreted capture zones 

e Bedrock highs 

e 1 0-year, uranium-based restoration footprint 

e 

e 

Extent of the maximum total uranium plume 20 pg/L contour 

Model-specific pumping rates during the time that the groundwater elevation 
measurements were collected 

Major groundwater flow divide which separates groundwater exiting the New Haven 
Trough to the Great Miami River through the Paddys Run Outlet from groundwater 
exitkg the New Haven Trough to the Great Miami River through the New Baltimore 
Outlet. 

These elevation maps were also included in the 1999 IEMP quarterly status reports, but have been 

updated with the respective quarter's plume data. . 

Consistent with the 10-year, uranium-based restoration footprint, the capture zones/divides depicted in 

Figures A.3-1 through A.34 indicate (two exceptions noted below) that the southern portion of the 

uranium plume is being effectively captured by the extraction wells. In January 1999 (Figure A.3-1) the 

extreme southern tip of the northeast lobe is shown at or slightly outside the capture zone created by 

pumping from the South Plume extraction wells. All three other quarterly maps clearly indicate that 

capture of this area is being achieved. The fourth quarter map (Figure A.3-4) indicates that the extreme 

southern tip of the plume is outside of the fourth quarter capture zone but inside the 10-year, 

uranium-based restoration footprint. As discussed in Attachment A.2, this portion of the plume was 

extended slightly to the southwest based on the fourth quarter 1999 uranium concentration at Monitoring' 

Well 2552. This fluctuation in uranium concentration at Monitoring Well 2552 has been observed in the 

past. In the past, it has been reported that Monitoring Well 2552 is sometimes within the capture zone of 

000215 
1 A.3-1 
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the recovery system and sometimes outside of the capture zone as water levels in the aquifer fluctuate 

from seasonal drawdown and recharge (DOE 1997e). Quarterly monitoring of this key location will 

continue to determine if this situation persists. 

Well cluster hydrographs, a means to assess vertical groundwater gradients, are provided in accordance 

with EPA and OEPA (DOE 2000c-Comment #l). Thus, hydrographs for the following monitoring well 

clusters (Type 2 and Type 3 wells) appear in Figures A.3-5 through A.3-34: 009,014,015,017,027, 

032,045,046,049,054,065, 068,069 (434), 095, 106, 125,128,385, 387,390,396,398,402,550,551, 

552, 82 1 , 880,88 1 , and 900. The last three digits of the monitoring wells identify the well clusters 

(e.g., cluster 552 consists of Monitoring Wells 2552 and 3552). Groundwater elevations available from 

1993 through 1999 from Type 2 and Type 3 wells at the same cluster were plotted on the same graph. 

Figure A.l-1 identifies the well cluster locations. 

Analysis of these hydrographs for 1999 indicates that elevations in the Type 2 and Type 3 monitoring 

wells within the majority of the clusters monitored are almost always identical for each measurement 

time. An occasional slight difference can be seen in the hydrographs for clusters 009,049, 387,398,402, 

550,55 1 , 552, and 900, but these differences display no systematic behavior and are attributed to 

measurement, transcription, or key-punch error when the data were processed. 

A more substantiaVconsistent difference can be seen in the hydrographs for clusters 054,065, and 390. 

At clusters 065 and 390, the Type 2 water level is slightly higher than the Type 3 water level implying a 

downward gradient. The Type 3 water level is slightly higher than the Type 2 water level in Cluster 054 

implying an upward gradient. These differences are believed to be due to survey errors with respect to 

the well elevations, and not to aquifer conditions. The well elevation references will be checked during 

2000. 

It was reported in the 1998 Integrated Site Environmental Report that an apparent two-foot gradient was 

recorded in the wells at cluster 398 in the last two quarters of 1998. In 1999 it was discovered that this 

apparent gradient was due to a survey measurement error with respect to well elevations, and was not due 

to aquifer conditions. Well elevation data have been corrected and the corrected water level 

measurements are illustrated in Figure A.3-26. 
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In accordance with the IEMP, Revision 1 (DOE 1999b), the colloidal borescope was eliminated from 

routine use in monitoring wells around the South Plume Module and in the area of the nodeast  lobe of 
0 

the total uranium plume during 1999. Therefore, no borescope data or discussions are included in this 

-appendix. 

In the fourth quarter of 1999, the groundwater flow model was successfully recalibrated to an 

October 1998 data set and was validated against three other quarterly elevation data sets (April 1998, 
I June 1999, and October 1999). The Great Miami Aquifer VAM3D Flow Model Recalibration Report 

(DOE 2000e) was provided to EPA and OEPA in 2000. Phase II of the groundwater model upgrade 

project, which incorporates data fusion technology into the groundwater transport model, was completed 

in fourth quarter 1999. A draft of the report, issued in 1999 (HydroGeoLogic, Inc., 1999) is undergoing 

revisions, and will be submitted to EPA and OEPA in 2000. 
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This attachment to Appendix A evaluates non-uranium FRL exceedances that occurred in 1999. The 

purpose of the evaluation is to: 

0 Determine if 1999 non-uranium FRL exceedances result in the re-categorization of a 
constituent (Section A.4.1) 

e Determine persistence of FRL exceedances outside the 10-year, uranium-based 
restoration fooQrint (Section A.4.2) 

e Summarize additional studies conducted in 1999 (Le., identify correlations between 
specific constituent concentrations) (Section A.4.3) 

Identify conclusions (Section A.4.4). 

A.4.1 RE-CATEGORIZATION OF NON-URANIUM FRL CONSTITUENTS BASED ON 1999 FRL 
EXCEEDANCES 

Each year groundwater data are reviewed and monitoring constituent lists are evaluated to ensure that the 

sampling frequency for monitored corisiitii~iits meets the criteria established for the program. The results w 

, of these evaluations are used to determine if the constituents should be re-categorized, which might 

change the monitoring frequency. 

A.4.1.1 Background 

Groundwater monitoring under the IEMP focuses on the 50 groundwater FRL constituents listed in the 

Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996). A detailed selection process 

was used to develop lists of constituents for groundwater monitoring of the aquifer restoration remedy. 

This process is presented in Appendix A of the IEMP, Revision 1. 

For the purpose of modeling and monitoring, the aquifer was divided into different zones. A unique 

monitoring constituent list was initially developed for each zone, based on data collected from the aquifer 

from 1988 through 1997 and criteria defined in Appendix A of the IEMP, Revision 1. 
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Constituents were categorized based on whether or not they were mobile and persistent, and whether or 0 
' ! not they had been detected above the FRL in the aquifer zone in question. The categories are defined as 

follows: 

e >MP The constituent has been detected in the aquifer at concentrations greater than its 
established FRL and is considered "Mobile and Persistent". It has been predicted 
to be able to migrate vertically from the glacial overburden to the aquifer and has 
already caused an FRL exceedance in the aquifer. 

. 

e >N The constituent has been detected in the aquifer at concentrations greater than its 
established FRL but is "Not considered mobile and persistent". This constituent 
is not predicted to be able to migrate vertically through the glacial overburden, 
reach the aquifer, and create an unacceptable risk. Background conditions andor 
surface water infiltrations may be the cause of the isolated FRL exceedances 
noted in the historical record. 

e <MP The constikent has not been detected in the aquifer at concentrations greater than 
its established FRL, but is considered both "Mobile and Persistent". This 
constituent is predicted to be able to migrate vertically through the glacial 
overburden to the aquifer (if no source removakontrol actions are taken), but as 
yet has not caused exceedances of its established FRL. 

. 

e <N The constituent has not been detected in the aquifer at concentrations greater than 
its established FRL 'and is "Not considered mobile and persistent". 

If a new exceedance occurs in an aquifer zone for an FRL constituent, then the following criteria would 

trigger the need to re-categorize the constituent and increase its sampling frequency: 

e For a <MP constituent, two consecutive FRL exceedances will result in re-categorization 
to a >MP constituent for the affected aquifer zone. An evaluation of each specific 
exceedance will be conducted to determine if re-sampling'ahead of schedule is warranted. 

0 For a <N constituent, two consecutive FRL exceedances will result in recategorization to 
a >N constituent for the affected aquifer zone. An evaluation of each specific exceedance 
will be conducted to determine if re-sampling ahead of schedule is warranted. 

A.4.1.2 Evaluation 

The criteria presented above were used to evaluate the non-uranium FRL constituents with exceedances in 

1999 for recategorization. Table A.4-1 lists the 1999 non-uranium FRL exceedances both inside and 

outside the 10-year, uranium-based restoration footprint and Figure A.4-1 identifies the location of these 

FRL exceedances. In 1999, 10 n o n - u r a n i ~  FRL constituents had one or more FRL exceedances 

(Table A.4-1). As reported in Table A-2 of the IEMP, of the 10 constituents identified in Table A.4-1, 

six (boron, carbon disulfide, molybdenum, nitratehitrite as nitrogen, technetium-99, and trichloroethene) 
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have a "<" categorization in one or more aquifer zones. Correlation of the locations where the 

six constituents had exceedances in 1999 with the aquifer zones defined in the EMF indicate that only 

one constituent, carbon disulfide, had an FRL exceedance in an aquifer zone where it is currently 

0 
. categorized-as "<". 

An FRL exceedance for carbon disulfide was detected in 1999 in Monitoring Well 2432. Monitoring 

Well 2432 is located in Aquifer Zone 0. Carbon disulfide is currently categorized as <N in Aquifer 

Zone 0. Figure A.4-2 presents the carbon disulfide concentration versus time graph for Monitoring 

Well 2432. As shown in Figure A.4-2, the exceedance occurred in the first quarter of 1999. Data 

collected in the second, third, and fourth quarters of 1999 indicate that the carbon disulfide concentration 

is not above the FRL value of 5.5 p a .  Therefore, a re-categorization change from <N to >N in Aquifer 

Zone 0 is not required. 

A.4.2 THE PERSISTENCE OF 1999 NON-URANIUM FFZ EXCEEDANCES OUTSIDE THE 

10-YEAR, --BASED RESTORATION FOOTPRINT 

The Restoration Area Verification Sampling Program Summary Report (DOE 1998b) states that any FRL 

exceedance outside the 10-year, uranium-based restoration footprint at the property boundary during 

routine monitoring would also be evaluated for persistence. This evaiuation is to be performed using 'he 

same conservative data evaluation method approved for the Restoration Area Verification Sampling 

Program, Project-Specific Plan (DOE 1997d) to determine if a change in the aquifer restoration remedy is 

required. This section presents an evaluation of the persistence of non-uranium FlU exceedances. 

' 

0 

A.4.2.1 Background / 

Analytical data from samples collected immediately following an FRL exceedance are evaluated to 

determine if the detected exceedance is persistent. In accordance with the approved Restoration Area 

Verification Sampling method, if two or more sampling events following an FRL exceedance indicate 

that the concentration in question has decreased below the groundwater FRL, then the exceedance is not 

considered persistent. 

If an FRL exceedance detected outside the 10-year, uranium-based restoration footprint is determined to 

be not persistent, then no additional action is required above and beyond the routine groundwater 

monitoring specified in the IEMP. If an FRL exceedance is determined to be persistent, then the cause of 

the persistent exceedance needs to be identified, and its impact on the aquifer remedy design assessed. 

Ultimately, the cause needs to be addressed either through a modification of the aquifer remedy or by 

other means as applicable. 

A.4-3 IEMP-ANM1999VIPPENDIX\APq,A\TECH\A4.DOCM 23.ZooO IO12Ah4 
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Results reported in Appendix A of the Restoration Area Verification Sampling Project-Specific Plan and 

the Restoration Area Verification Sampling Program Summary Report indicate that no persistent FRL 

exceedance was identified outside the 1 O-year, uranium-based restoration footprint. Evaluations for the 

IEMP began in 1997. In 1997 a persistent FRL exceedance for manganese was identified in Monitoring 

Wells 2426,2430, and 243 1 and reported in the 1997 Integrated Site Environmental Report (DOE 1998a). 

For 1998 no persistent FRL exceedances were reported; however, several possible persistent FRL 

exceedances were identified, but they required additional data to be collected in 1999. The possible 

persistent FRL exceedances identified in the 1998 Integrated Site Environmental Report are listed below: 

0 

0 

0 

Chromium at Monitoring Wells 243 1 and 4067 
Fluoride at Monitoring Wells 2424,243 1, and 4067 
Zinc at Monitoring Wells 2424,243 1 , 2434,4067, and 412 17. 

The non-uranium FRL exceedances for 1999 along with the possible persistent exceedances for 1998 are 

addressed below. . 

A.4.2.2 Evaluation 

Figure A.4-1 and Table A.4-1 identify the 1999 FFU exceedances. In 1999, four FRL constituents had 

one or more FRL exceedances at nine property boundary wells located outside the 10-year, 

uranium-based restoration footprint, as noted below: 

0 

0 

Carbon disulfide at Monitoring Well 2432 
Manganese at Monitoring Well 2426 

0 

0 

Nickel at Monitoring Well 22 198 
Zinc at Monitoring Wells 2424,2432,2733,3426,3429,4067, and 4426. 

Table A.4-2 provides a summary of the 1999 FRL exceedances that occurred in the property boundary 

wells outside the 1 O-year uranium-based restoration footprint. Table A.4-2 also addresses the possible 

persistent FRL exceedances identified for 1998 in the 1998 Integrated Site Environmental Report. If two 

or more sampling events immediately following an FFU exceedance indicate that the concentration 

decreased below the FRL, then the exceedance is identified as not persistent in Table A.4-2. Referring to 

Table A.4-2, one persistent FRL exceedance was identified (zinc .-- in - Monitoring Well 4067 

Figure A.4-191) outside the 10-year, uranium-based restoration footprint using groundwater data 

collected in 1999. 
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The following is a summary of results presented in Table A.4.2: 0 
0 

' The following FRL exceedances detected in 1998 are not persistent, based on 1999 
monitoring data: 

- 
- 
- 

Chromium at Monitoring-Wells 243-1-and 4067 
Fluoride at Monitoring Wells 2424,243 1 , and 4067 
Zinc at Monitoring Wells 2424,243 1,2434, and 41217. 

0 The following FRL exceedances detected in 1999 are not persistent: 

- 
- 

Carbon disulfide at Monitoring Well 2432 
Zinc at Monitoring Wells 2424,2432,2733,3429, and 4426. 

0 Data collected in 2000 are needed to determine the persistence of the following 
exceedances detected in 1999: 

- 
- 
- 

Manganese at Monitoring Well 2426 
Nickel at Monitoring Well 22198 
Zinc at Monitoring Well 3426. 

Figures A.4-2 (also used for the Section A.4.1 discussion - carbon disulfide in Monitoring Well 2432) 

and A.4-3 through A.4-18 present individual concentration versus time graphs for all monitoring wells 0 and constituents identified above. 

A.4.2.3 Discussion 

1999 marks the third year that an valuation f the persistence f non-uranium FRL exceedances detected 

in property boundary wells located outside the 10-year, uranium-based restoration footprint has been 

conducted as part of the IEMP. Evaluating the data for persistence appears to be valuable in tracking 

changmg conditions outside the 1 0-year, uranium-based restoration footprint. So far the evaluation has 

resulted in: 

e 

e 

The identification of three persistent manganese FRL exceedances in 1997 at Monitoring 
Wells 2426,2430, and 243 1.  However, the manganese concentration at all three of these- 
wells in 1998 and 1999 was below the manganese FRL concentration of 0.90 mg/L, such 
that no persistent manganese FRL exceedances were identified for them in either 1998 
or 1999. 

The identification of one persistent zinc FRL exceedance in 1999 at Monitoring 
Well 4067. The zinc concentration at this well increased above the zinc FRL 
concentration of 0.02 1 mg/L during the third quarter of 1998, and has remained above the 
FRL for six consecutive sampling quarters. 
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0 As shown in Figure A.4-19, the zinc concentration at Monitoring Well 4067 dramatically increased in 

July of 1998 to a reported concentration of 13.6 mg/L. Since July of 1998, the concentration has 

decreased. During the fourth quarter of 1999, the concentration of zinc was estimated (validated with a 

J qualifier) to be approximately 0.03 mg/L, which is only slightly above the FRL. 

Nonetheless, the cause of the elevated zinc concentration at Monitoring Well 4067 is not understood, in 

light of three possible explanations that have been suggested. Zinc is primarily used to make corrosion- 

resistant coatings (i.e., galvanizing), it is also a constituent of brass and bronze and used as a white 

pigment in paint or rubber. Given the depth in the aquifer at which the screen is set in Monitoring 

Well 4067, and the abrupt appearance of the elevated zinc concentration in samples collected in July of 

1998, it is not very probable that the zinc FRL exceedance is due to past production operations at the 

F E W .  The iron and manganese concentrations at the well appear to be stable, and are not fluctuating 

with the zinc concentration. If bioaccumulation was taking place, then it is expected that all three metals 

would be trending similarly. The well itself is composed of stainless steel, and zinc is not a component of 

stainless steel. Further discussion concerning the persistent zinc exceedance is provided below. 

A.4.3 ADDITIONAL STUDIES 

The following subsection provides a discussion on the correlation of iron, manganese, and zinc 

concentrations in property boundary wells. The commitment to begin this study was identified in the 

1997 Integrated Site Environmental Report. 

As presented in the previous section, in 1997 a persistent FRL exceedance for manganese was identified 

in Monitoring Wells 2426,2430, and 243 1. Data collected in 1998 no longer indicated a persistent FRL 
exceedance at these wells. In 1998 as well as 1999, several monitoring wells had FRL exceedances for 

zinc, although only one of the exceedances (Monitoring Well 4067) met the criteria for being persistent. 

It is theorized that the changes in zinc concentrations could be due to biofouling around well screens, 

which can lead to bioaccumulation of iron, manganese, and zinc (Cullimore 1993). For this reason, 

groundwater samples were collected during 1998 and 1999 at the property boundary wells to determine if 

there is a correlation between iron, manganese, and zinc concentrations. 

Figures A.4-20 through A.4-52 are concentration versus sample date plots for iron, manganese, and zinc 

for each property boundary well. Six wells showed simultaneous (within each well) increases in iron, 

zinc, and manganese concentrations (Monitoring Wells 2398 [Figure A.4-241,243 1 [Figure A.4-301,2432 

[Figure A.4-311,2733 [Figure A.4-33],3069 [Figure A.4-351 and 3106 [Figure A.4-371) during either 
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1998 or 1999. The increases were short-lived, with concentrations usually decreasing by the time that the 

next sample was collected. The simultaneous short-lived increases in these metals support that 

bioaccumulation could be the cause of these transient FRL exceedances. Sampling for iron, manganese, 

-mizinc will continue to better document the nature of the transient-concentration increases. - -  

Four wells (Monitoring Wells 2424 Figure A.4-261,3429 Figure A.4-43],4067 [Figure A.4-471, and 

4426 [Figure A.4-5 13) had an increase in zinc during either 1998 or 1999 but no increase in iron or 

manganese. Additionally, the zinc increases were not one time detects. The pattern is one of a sudden 

increase (as much as several orders of magnitude) followed by a gradual decrease. All four wells are 

located along the eastern property boundary, just east of the on-site disposal facility construction site. 

Determining the cause of the elevated zinc concentrations in the wells is ongoing. Specifically, sampling 

results, field readings, and sampling protocols are being re-evaluated. Specifications for dedicated field 

'equipment (QED dedicated equipment) have been checked and the equipment does not contain any brass, 

bronze, or galvanized steel that might provide a source for zinc; however, sampling procedures are being 

reviewed to determine if a source for the zinc can be identified. Findings will be reported to EPA and 

OEPA, as they develop, through the regularly scheduled weekly teleconferences, and will be summarized 

in the 2000 Integrated Site Environmenrai Xepori. 

A.4.4 CONCLUSIONS 

From the above sections, the following conclusions can be made from review of the 1999 non-uranium 

FRL exceedance data: 

e Re-categorization of FRL constituents is not required, and the sampling frequency used 
in 1999 to sample FRL constituents do not need to be changed. 

e There is one new persistent FRL exceedance outside the 10-year, uranium-based 
restoration footprint (zinc in Monitoring Well 4067). A change in the design of the 
aquifer remedy to address the exceedance is not required at this time 

e Work will continue on the issue of why zinc concentrations are fluctuating in the property 
boundary wells. Grohdwater samples will continue to be collected from the property 
boundary wells and analyzed for iron, manganese, and zinc. Findings will be reported to 
EPA and OEPA as they develop through the regularly scheduled weekly teleconferences, 
and will be summarized in the 2000 Integrated Site Environmental Report. 



TABLE A.4-1 

SUMMARY STATISTICS AND TREND ANALYSIS FOR NON-URANIUM 
CONSTITUENTS WITH 1999 RESULTS ABOVE FINAL REMEDIATION LEVELS 

Trendb.c.d.c.f Monitoring No. of No. of Samples No. of Samples Standard 
Constituent (FRL)' Well Samplesb*c*d Above FRLhCsd Above FRL for 1 999c*d Minimumhdc' Maximumb'c'de'' A ~ e r a g e ~ * ~ ~ ~ ~ * '  DeviationhGd"*' 1 Boron (0.33 mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

I! (5.5Pg/L) 

2045 IO 2 2 0.0434 0.666 0.199 0.198 Up, Significant 
2049 IO 8 4 0.154 1.16 0.663 0.348 No Significant Trend 

2027 6 2 '  1 0.3 IO 5 4 No Significant Trend 
.26 1 I 0.5 6 I .7 1.7 No Significant Trend 

7 1 I 0.3 14 5 4.5 No Significant Trend 

0.013 0.014 No Significant Trend 
1 0.002 0.0437 0.02 0.01 8 No Significant Trend 

4. I7 No Significant Trend 
0.337 No Significant Trend 

3 
2 Carbon disulfide ( P a )  (Pg/L) (Pg/L) (Pg/L) 

(ww (mg/L) (mg/L) . (mg/L) 
3045 4 2 1 0.0002 1 0.0268 
3387 4 2 
21 I8 4 I 1 0.209 1.15 0.74 1 0.391 Up, Significant 
2385 4 3 1 0.384 9.15 . 2.92 

Lead (0.015 mg/L) 
W 

8 - Manganese (0.90 m a )  
z w 

3 

? 
f 
00 

2387 4 2 1 0.0095 0.972 0.30 0.46 Up, significant 
2398 27 1 1  2 '  0.003 0.79 1 0.1 1 0.16 Up, Significant 
4398 26 1 . I  0.000 I6 0.101* 0.0086 0.0 19 Down, Significant 

2648 6 3 1 0.15 20 9.4 9.2 , No Significant Trend 
2649 6 6 2 29.1 73.6 44.3 15.7 Down, Marginal 
2821 6 1 ' I  1.9 - 13.6 6. I 4.3 No Significant Trend 

2648 6 1 1 1.9535 369.726 80.0464 142.341 No Significant Trend -a 
545.318 No Significant Trend 3 2649 5 5 2 130.587 1352.27 
62.43 15 No Significant Trend " 2821 5 I I 10.132 166.342 

Nitratmitrite ( 1  1 mg/L)h 

( P C W  > (pCi/L) (pCilL) (pCi/L) 

844.770 
56.3500 2 

Trichloroethene (5.0 pg/L) ( P l m  (Pg/L) (Pg/L) (Pg/L) 
2649 6 5 1 0.5 150 100 50 No Significant Trend > c( 

Zinc (0.02 I mg/L) (mg/L) (mg/L) ( m l m  (mg/L) "a p 
. 27 8 1 0.0 0 0 6 5 0.239 0.025 0.048 No Significant Trend - F g 

26 2 1 0.0008 0.1 I4 0.01 0.02  DO^, Significant E 6.  + 
25 3 1 0.00135 0.152 0.0148 0.0306 Down, Significant N 5' 2 

E$ 

Technetium-99 (94 pCi/L) 

"> 5 
10 No Significant Trend 9 3009 4 1 1 0.5 20.7 7 



Table A.4-1 
(Con,tinued) 

Monitoring No. No. of Sam e No. of Samples 1 
Constituent (FRL)" Well Samples Above FIU!." Above FIU for 1 999c*d Minimumwf Maximumbsc-d*e~' Deviationb"3kf Trendbd,c,f 

No Significant Trend 
Down, Significant 3069 26 1 I 0.00055 0.0265 0.0050 0.0059 

3385 4 3 1 0.014 0.0656 0.0389 0.0249 No Significant Trend 
3387 4 3 1 0.0121 0.162 0.0676 0.0658 No Significant Trend 

24 4 2 0.00 I3 0.0699 0.01 1 0.015 No Significant Trend 
No Significant Trend 25 2 2 0.00065 1.11 0.050 0.22 

27 6 4 0.00085 13.6 . 

26 2 1 0.00029 0.0389 0.0066 0.0085 No Significant Trend 

Zinc (Continued) 3045 4 2 I 0.0052 0.367 0.12 0.17 

0.53 2.6 Up, Significant 

;-.-e--&.1 . Note: Highh&ing indicates well is outside the IO-year, uranium-based restoration footprint. 

'From Operable Unit 5 Record of Decision, Table 9-4 
bBased on unfiltered samples from the Operable Unit 5 remedial investi atiodfeasibility study data set (1988 through 1993) and 1994 through 1999 

is used for determining the summary statistics (minimum, maximum, average, and standard deviation [SD]) and Mann-Kendall test for trend. 
dRejected data qualified with either a R or Z were not included in the count, the summary statistics, or Mann-Kendall test for trend. 
'If the number of samples is greater than or equal to four, then the Mann-Kendall test for trend and all of the summary statistics are reported. If the total number of Sam les is equal to 
three, then the minimum, maximum, and average are reported. If the total number of samples is equal to two, then the minimum and maximum are reported. If the totarnumber of 
samples is equal to one, then the data point is reported as the minimum. 
'For results where the concentrations are below the detection limit, the results used in the summa statistics and Mann-Kendall test for trend are each set at half the detection limit. 
gThis report (sampled 1/6/99) appears to be an outlier. It is suspected that the sample for lhis werwas switched with the duplicate sample for Monitoring Well 2398. 
hFRL based on nitrate, from Operable Unit 5 Record of Decision, Table 9-4 

'If more than one sample is collected per well per day (e.g., duplicate), t a en only one sample is counted for the total number of samples, and the sample with the maximum concentration 

i : 

..,. , 
.,, 
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TABLE A.4-2 

SUMMARY OF PERSISTENCE EVALUATION OF NON-URANIUM FRL EXCEEDANCES 
OUTSIDE THE.lO-YEAR, URANIUM-BASED RESTORATION FOOTPRINT 

1999 FRL Exceedance 
Monitoring First Second Third Fourth 

Constituent Well Pertinent 1998 Results ~ t r  Qtr Qtr Qtr Evaluation Results for 1999 Figure No. 
Carbon Disulfide 2432 Y N N N  Not Persistent A.4-2 
Chromium 2431 FourthQuarterFRL N N N N Not Persistent A.4-3 

Exceedance 

Exceedance 

Exceedance ' 

Exceedance 

Exceedancp 

4067 Third Quarter FRL N N N N  Not Persistent A.4-4 

Fluoride 2424 FourthQuarterFRL, N N N . N Not Persistent A.4-5 

243 I Fourth Quarter FRL N N N N  Not Persistent A.4-6 

4067 FourthQuarterFRL N N N N Not Persistent A.4-7 

Manganese 2426 N N Y N Additional DataRequired A.4-16 
Nickel 22 198 N N N Y Additional DataRequired A.4-17 
Zinc 2424 Third and Fourth Y Y N N  Not Persistent A.4-8 

Quarter FRL 
Exceedance 

Quarter FRL 
Exceedance 

243 1 Third and Fourth N N N N  Not Persistent A.4-9 

2432 Y N N N  Not Pefsistent A.4-12 
2434 FourthQuarterFRL N N N N Not Persistent . A.4-10 

2733 N Y N N  Not Persistent A.4-13 
Exceedance 

3426 N Y N Y AdditionalDataRequired A.4-18 
3429 Y N N N  Not Persistent A.4-14 
4067 Third and Fourth Y Y Y Y  Persistent A.4-19 

Quarter FRL 
Exceedance 

4426 N Y N N  Not Persistent A.4-15 
4 12 17 Third Quarter FRL N . N  N N Not Persistent A.4-11 

Exceedance 
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FIGURE A.4-5. FLUORIDE CONCENTRATION VS. TIME PLOT 
FOR MONITCIRING WELL 2424 
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FIGURE A.4-6. FLUORIDE CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 2431 
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FIGURE A.4-15. ZINC CONCENTRATION VS. TIME PLOT 
FOR MONITORING WELL 4426 
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FIGURE A.4-22. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
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FIGURE A.4-26. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 2424 



10 

1 

0.1 

0.01 

0.001 

' ,  
I '  

. I  

I .  

- r - - - - - - - - - - -  -I- - - - ---......-- 

a ,  

> - - - - - - - - - - - -  1 - . -  - - - - - - - - - ,.., - - -  ......... , .  , .  , .  I .  , .  , .  
-I - _ _  
. I  

Iron Manganese Zinc 
: + Detected W Detected A Detected 
: 0 Nondetected Nondetected A Nondetected 
I 

I '  

1 I98 4/98 7/98 10198 1 199 4/99 7/99 10/99 

Sample Date (monthlyear) 

FIGURE A.4-27. IRON, MANGANESE:, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 2426 
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FIGURE A.4-28. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 2429 



1 I98 4/98 7/98 10198 1 I99 4/99 7/99 10199 

Sample Date (monthlyear) 

FIGURE A.4-29. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONJITORING WELL 2430 
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FIGURE A.4-30. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 2431 
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FIGURE A.4-31. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 2432 
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FIGURE A.4-32. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 2434 
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FIGURE A.4-35. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
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FIGURE A.4-40. IRON, MANGANESE, AND ZINC CONCENTRATIONS VS. TIME 
PLOT FOR MONITORING WELL 341 7 
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ATTACHMENT A.5 

KC-2 WarCihouse Well Monitoringl-Activity 

The KC-2 Warehouse well monitoring has also been included as part of the IEMP. Monitoring of this 

well (Well 67 in Figure A.5-1) is conducted on an annual basis. As identified to EPA and OEPA in 

October 1999, the KC-2 Warehouse well will be removed from the IEMP sampling program as it is 

scheduled to be plugged and abandoned in spring of 2000 (refer to Letter No. C:OOTP:99-0391, dated 

October 29, 1999, from DOE to EPA and OEPA). 

Although all results were below the groundwater FRLs, the August 1999 sampling event for the 

KC-2 Warehouse well (Table A.5-1) revealed some constituents with higher concentrations of hazardous 

substance list metals than the sampling results for 1998. The detected results that exceeded last year’s 

results included magnesium, nickel, potassium, silver, sodium, and thallium. Of these, the only 

exceedance above the historical average (20.4 mgL) was sodium at 20.8 mgL. The well will be sampled 

prior to pluggmg and abandonment in 2000. e 
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TABLE AS-1 

KC-2 WAREHOUSE GROUNDWATER SUMMARY STATISTICS 
(January 1993 through Third Quarter [August] 1999) 

1999 Data 
Number of FRL' Min.4b.de MaX.4hde Avg.Lb*4e SD4'" Sample Result (mg/L); 

Constituent (mg/L) (mg/L) (mg/L) (rng/L) ( m a )  Validation Qualifier' 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium ' 

Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
zinc 

Uranium. Total 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
5 
13 
13 
13 
13 
13 
13 
12 
13 
13 
12 
13 
13 
13 

13 

NA 
0.0060 
0.050 
2.0 

0.0040 
0.014 
NA 

0.0229 
0.17 
1.3 
NA 
NA 

0.0 15 
NA 

0.900 
0.0020 
0.10 
NA 

0.050 
0.050 
NA 
NA 

0.038 
0.021 
(VRIL) 

20 

0.0104 
0.000065 
0.00041 
0.103 

0.00001 
,0.00003 

45.3 
0.000415 

0.000335 
0.000985 

1.65 
0.00026 

33.9 
0.0363 
0.00005 
0.00039 
0.922 

0.00039 

17.5 
0.000025 
0.000075 
0.0061 
(Vn/L) 
0.04 

o.oooe65 

0.00025 

80 
0.22 

0.0873 
0.867 
0.005 
0.0671 
1310 
2.35 
0.102 
0.373 
0.005 
620 
3.8 
322 
8.52 

0.0022 
1.21 
14.6 

0.0099 
0.03 12 
23.9 
1.8 

0.19 
1.79 

(VRILl 
2400 

13 
0.048 
0.015 
0.350 
0.0013 
0.01 
318 
0.40 
0.024 
0.089 
0.0024 

140 
0.74 
98.4 
1.89 

0.0003 
0.23 
3.09 

0.0027 
0.005 
20.4 
0.14 
0.035 
0.36 
(Ha) 
200 

24 
0.069 
0.029 
0.25 1 
0.00 16 
0.02 
434 
0.74 
0.037 
0.14 

0.0016 
220 
1.3 
102 
3.03 

0.0006 
0.39 
3.99 

0.0028 
0.009 
1.83 
0.50 
0.055 
0.57 

~ V R I L )  
700 

0.0104 - 
0.00062 U 
0.00082 U 

0.208 - 
0.00002 u 
0.00008 U 

45.3 - 
0.00083 U 
0.000 13 U 
0.00077 U 

0.01 u 
1.65 - ,  

0.00052 U 
36.5 - 

0.0363 - 
0.0001 u 
0.00039 - 

1.33 - 
0.00092 U 
0.0008 - 
20.8 - 

0.0013 - 
0.00015 u 
0.0138 UJ 

( H n n l  
0.08 U 

*If more than one sample is collected per well per day (e.g., duplicate), then only one sample is counted for the total number of 
samples, and the sample with the maximum concentration is used to determine the summary statistics (minimum, maximum, 
average, and standard deviation [SD]). 
kejected data qualified with either a R or Z were not included in this count or the summary statistics. 
%A = not applicable 
dWhere concentrations are below the detection limit, each result used in the summary statistics is set at half the detection limit. 
I f  the total number of samples is greater than or equal to four, then all of the summary statistics are reported. If the total number 
of samples is equal to three, then the minimum, maximum, and average are reported. If the total number of samples is equal to 
two, then the minimum and maximum are reported. If the total number of samples is equal to one, then the data point is reported 
as the minimum. 
'Validation qualifier codes are provided in Appendix D of the Sitewide CERCLA Quality Assurance Project Plan. 
gThe FRL is based on chromium VI, from Operable Unit 5 Record of Decision, Table 9 -4; however, the sampling results are for 
total chromium 
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ATTACHMENT A.6 

The on-site disposal facility monitoring program fulfills two purposes: leak detection and leachate 

monitoring. It-also meets the regulatory requirements for groundwater detection monitoring in the Great 

Miami Aquifer and perched groundwater system at the F E W .  The On-Site Disposal Facility 

GroundwaterLeak Detection and Leachate Monitoring Plan (DOE 1997c) presents the specific on-site 

disposal facility monitoring strategy for construction, closure, and post closure. The plan represents the 

first part of a three-tiered detection, assessment, and corrective action monitoring strategy required 

by EPA. 

The final anticipated facility dimensions are: capacity of 2.5 million cubic yards, maximum height of 

approximately 65 feet, and an estimated areal coverage of 70 acres of the northeastern area of the FEMP. 

Protection of the Great Miami Aquifer and the overlying perched groundwater system includes the 

following measures for each of the eight anticipated cells: 

a Leachate collection system 
a Leak detection system 
a Multi-layer composite liner system 
a Multi-layer composite cap system. 

The leachate collection system consists of a gravel layer installed beneath the waste to collect rainwater 

that comes in contact with the waste during cell construction, and additional moisture that drains from the 

waste following capping. The leak detection system is located beneath both the leachate collection 

system and the primary geosynthetic liner system and provides a mechanism for collecting and 

monitoring leakage from the on-site disposal facility prior to any releases to the environment. Both 

systems drain to the west and extend beyond the synthetic liner systems where they become accessible for 

moniioring through manholes. Figure A.6-1 depicts a cross section of the liner system. Horizontal till 

wells are set beneath the compacted clay liner of each cell and provide monitoring of the pciched 

groundwater quality beneath the point where the leachate collection and leak detection system pipes exit 

the liner system. The Great Miami Aquifer is monitored via both an upgradient and a downgradient 

monitoring well for each cell. 

The following subsections provide information for Cells 1,2, and 3 where monitoring was conducted 

during 1999. There .is also a subsection on Cell 4 where well installation occurred during 1999. 

Figure A.6-2 identifies the well locations associated with the on-site disposal facility. a 
IEMP-ANM1999WPENDIX\APP-A\TECH\ATT-A6.~~ay 24.2Oaq 357PM A.6- 1 
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, '  A>:6.1 CELL 1 

A.6.1.1 Construction and Leak Detection System Flow Data 

Placement of waste (contaminated soil and debris) in Cell 1, which began in December 1997, continued 

during 1999. At the end of December 1999, Cell 1 was approximately 80 percent full. Figure A.6-3 

shows the volumes of water (monthly totals) pumped from the Cell 1 leak detection monitoring system 

for 1999. 

Beginning in May .1999 quantitative measurement of the volumes accumulating and pumped from the 

Cell 1 leak detection monitoring system was initiated. This was accomplished by installing a water level 

probe (data logger) in the primary containment vessel, which recorded water levels on an hourly basis. 

On a weekly basis, the water level data collected are downloaded then converted into a volume based on 

volumetric calibration of the containment vessel. This tracking of the accumulating volume in the 

primary containment vessel provided the data to determine the monthly volume pumped (refer to 

Figure A.6-3). Figure A.6-4 provides the May through December 1999 Cell 1 leak detection system 

accumulation rates which were calculated each time the primary containment vessel was pumped out. 

The accumulation rate increased just after beginning waste placement in June 1999, peaked for the year at 

a rate of 0.87 gallons per acre per day (gpad) based on the July 14 pump out, then steadily declined. The 

pealung and subsequent decline is consistent with what is expected, if the primary source of the 

accumulating water was construction water (water introduced during lead detection system construction) 

being squeeztd out of the leak detection system by the weight of waste placement activities occurring in 

the above cell. 

Table A.6-1 provides precipitation volumes that fell on Cells 1,2, and 3 during construction of their 

secondary and primary liners. The calculated volume that fell on Cell 1 during construction of its primary 

liner was 604,780 gallons. A portion of this water became trapped, as construction water, in the 

geosynthetic clay liner on top of the Cell 1 leak detection system and in the geotextile cushion within the 

leak detection system. The total water yield recorded for the Cell 1 leak detection system for 1999 was 

7,827 gallons or about 1.3 percent of the volume that fell on Cell 1 during construction of its primary 

liner. 

In the On-site Disposal Facility Final Design Calculation Package (DOE 1997b), it was concluded that an 

initial response leakage rate for individual cells would be 20 gpad. The above noted maximum 

accumulation rate for Cell 1 (0.87 gpad) is about four percent of the initial response leakage rate. This 

indicates that the liner system is performing well within the specifications outlined in the approved cell 

design. Over time, with the capping and closure of the cell, the volume of water removed from the leak 
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detection system is expected to continue to diminish. The volume of water removed fiom the le-& - 3 0 0 4 
detection system will continue to be closely tracked to determine if the primary liner system continues to 

perform as expected. 

A.6.1.2 Analytical Data 

Sampling of groundwater, the leachate collection system, and the leak detection system for Cell 1 

continued in 1999. Groundwater sampling was initiated for Cell 1 in 1997 in an effort to establish a 

baseline for the horizontal till well and Great Miami Aquifer wells prior to the initiation of waste 

placement in December 1997. During 1998 a draft technical memorandum was issued to discuss the 

baseline results. The regulatory agencies issued comments on this technical memorandum identifying 

that it would be necessary to extend the baseline sampling period for the existing horizontal till wells in 

order to better establish baseline conditions. Accordingly, a strategy to extend the baseline sampling 

period for the horizontal till wells associated with Cells 1,2, and 3 was approved by the regulatory 

agencies in 1999. 

Table A.6-2 presents the constituents detected in 1999 from the monitoring locations (leachate collection 

system, leak detection system, horizontal till well, and Great Miami Aquifer) associated with Cell 1. Of 

the 16 consriiuciiis szq!ed, 5ve (total organic carbon, total organic halogens, boron, technetium-99, and 

total uranium) were detected in at least one location. Consistent with the Final On-Site Disposal FaciiiQ 

GroundwaterLeak Detection and Leachate Monitoring Plan, the table also provides the results of the 

Mann-Kendall statistical trend analysis on data from leachate collection and leak detection systems. 

Monitoring results by location are discussed below. 

e 

A.6.1.2.1 Leachate Collection System 

Four of the five constituents identified in Table A.6-2 were detected in the leachate collection system. 

Technetium-?9 was not detected. Trend analysis indicates that there was no significant trend for total 

organic carbon, total organic halogens, and total uranium; an Up, Marginal trend for boron; and a 

Down, Significant trend for technetium-99. 

A sample is collected annually and analyzed for 67 additional constituents (general chemistry, inorganic, 

and organic) from Ohio Administrative Code 3745-27-10, Appendix I, to determine if the constituents 

analyzed quarterly are sufficient for leak detection purposes. This monitoring is identified in the On-Site 

Disposal Facility GroundwatedLeak Detection and Leachate Monitoring Plan. As noted in the plan, new 

indicator constituents are to be added to the quarterly monitoring list if 1) concentrations observed in the 

IEMP-ANM1999WPENDIXV\PP-A\TECHV\TT-A6 W W a y  24.2000 5 33PM A.6-3 
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1- 

? ! annual sample are much higher than the perched water concentrations at the FEMP and 2) routine analysis 

of the constituent can significantly enhance the early detection capability. 

The annual sample for 1999 was collected in November. All detected constituent concentrations found in 

the annual leachate sample were within the range of FEMP perched water constituent concentrations as 

defined in the Operable Unit 5 Remedial Investigation Report, except for chemical oxygen demand, 

which was not sampled for during the remedial investigation. The chemical oxygen demand 

concentration in the annual sample was 65 mg/L, which was higher than the 1998 result of 13.8 m a .  

Routine analysis of chemical oxygen demand is not believed to be a significant enhancement to early 

detection capability therefore, based on the results of the 1999 annual sample, no changes to the quarterly 

monitoring list are required. 

The volume of water pumped from the leachate collection system i s  discussed in Section A.6.4. 

A.6.1.2.2 Leak Detection System 

All five of the constituents identified in Table A.6-2 were detected in the leak detection system. The 1999 

maximum concentrations of the constituents detected in the Cell 1 leak detection system are, as expected, 

less than the overall maximum concentrations detected in the leachate collection system. Trend analysis 

indicates no significant trend in any of the detected constituents. . . 

.. . .  . .  . .  . . . . .  .. . .  

A:6.1.2.3 .Horizontal Till Well 

Four of the five constituents identified in Table A.6-2 were detected at the horizontal till well. 

Technetium-99 was not detected. Three constituents (total organic halogens, boron, and technetium-99) 

showed an overall higher maximum concentration than those found in the overlying -leak detection 

system. One constituent (total organic halogen) showed a higher 1999 maximum than the overlyng leak 

detection system. Therefore, these concentrations are interpreted as being within the range of baseline 

concentrations in the perched water and do not represent a release fiom the cell. * >  . 

A.6.1.2.4 Great Miami Aquifer 

Four of the five constituents identified in Table A.6-2 were detected in the Great Miami Aquifer wells. 

Total organic halogens were not detected in upgradient Monitoring Well 2220 1 , and technetium-99 was 

not detected in either well. None of the constituents sampled and analyzed fiom the aquifer exceeded 

groundwater FRLs. The maximum overall concentrations for total organic carbon and total organic 

halogens are greater in both Great Miami Aquifer wells than in the horizontal till well. It should also be 

IEMP-ANN\1999\APPENDIX\APP-A\TECH\ATT-A6 Wcvrlay 24.2000 3 57PM A.6-4 
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noted that the 1999 maximum boron concentration in upgradient Monitoring Well 22201 was greater than 

the 1999 maximum in the horizontal till well. These concentrations are interpreted as being within the 

range of baseline concentrations in the Great Miami Aquifer and therefore do not represent a release from 
- 

the cell; 

A.6.2 CELL2 

A.6.2.1 Construction and Leak Detection System Flow Data 

Placement of waste (contaminated soil and debris) in Cell 2, which began in November 1998, continued 

during 1999. At the end of December 1999, Cell 2 was approximately 40 percent full. Figure A.6-5 

shows the monthly volume of water pumped from the Cell 2 leak detection system for 1999. The volume 

of water removed from the system in January reflects a mixture of water that came from the Cell 2 leak 

detection system and water from the leachate pipeline, as discussed in Section A.6.2.2.2. Therefore, an 

accurate determination of the volume of water associated solely with the Cell 2 leak detection system for 

January can not be made; however, flows for the remaining months of 1999 are considered representative. 

As with Cell 1 ,  in May 1999, quantitative measurement of the volumes accumulating and pumped from 

the Cell 2 leak detection monitoring system was initiated. Figure A.6-6 provides the May through 

September 1999 Cell L leak detzctio:! system accumulation rates, which were calculated each time the 

primary containment vessel was pumped out. In June, the rate of accumulation peaked at a maximum of 

6.8 gpad based on the June 16 pump out, then declined to a rate of 0.9 gpad based on the last pump out of 

the year which occurred on September 1 1 .  The accumulation rate increase in June, just after waste 

- - . - *  

placement began, and the subsequent decline are consistent with what is expected if the primary source of 

the accumulating water was construction water (water introduced during leak detection system 

construction) being squeezed out of the leak detection system by waste placement activities occurring in 

the above cell. 

Table A.6-1 rlrovides precipitation volumes that fell on Cells 1,2, and 3 during construction of their 

secondary and primary liners. The calculated volume that fell on Cell 2 during construction of its prim 

liner was 140,768 gallons. A portion of this water became trapped, as construction water, in the 
ry 

geosynthetic clay liner on top of the Cell 2 leak detection system and in the geotextile cushion within the 

leak detection system. The total water yield recorded for the Cell 2 leak detection system for 1999 was 

12,320 gallons or about nine percent of the volume that fell on Cell 2 during construction of its primary 

liner. The total volume yielded from the Cell 2 leak detection system is significantly more than the Cell 1 

leak detection system even though Cell 2 has not been open nearly as long as Cell 1 .  This higher yield 
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a @om Cell 2 is being attributed to malfunctions in the leachate transmission pipeline that allowed mixing 

of flows as described below in Section A.6.2.2.2. 

Ce11.2 leak detection system accumulation rates based on pump outs were not available after 

September 11 when the vessel was pumped for the last time in 1999. The rates declined to the degree that 

it was not necessary to pump the primary containment vessel for the remainder of the year. However, as 

with Cell 1 , the accumulation rates were evaluated weekly based on the hourly water level measurements 

collected by the data logger. These weekly evaluations indicated that accumulation rates remained below 

1 gpad for the remainder of the year. 

.. 

As noted for Cell 1, the On-site Disposal Facility Final Design Calculation Package specified an initial 

response leakage rate for individual cells of 20 gpad. The above noted maximum accumulation rate for 

Cell 2 (6.8 gpad) is 34 percent of the initial response leakage rate and the rate calculated from the last 

pump out of the year (0.9 gpad) on September 1 1 is 4.5 percent of the initial response leakage rate. These 

rates indicate that the liner system for Cell 2 is performing well within the specifications outlined in the 

approved cell design. Over time, with the capping and closure of the cell, the volume of water removed 

from the leak detection system is expected to continue to diminish. The volume of water removed from 

the leak detection system will continue to be closely tracked to determine if the primary liner system 

continues to perform as expected. 

A.6.2.2 Analvtical Data 

Groundwater sampling was initiated in 1997 for Cell 2 and continued in 1999. Leachate collection and 

leak detection system monitoring began after waste placement was initiated in November 1998. 

Table A.6-3 presents the constituents detected in 1999 from the monitoring locations (leachate collection 

system, leak detection system, horizontal till well, and Great Miami Aquifer) associated with Cell 2. Of 

the 16 constituents sampled, six constituents were detected in at least one location (total organic carbon, 

total organic hal,ogens, boron, mercury, technetium-99, and total uranium). Consistent with the Final 

On-Site Disposal Facility Groundwaterkeak Detection and Leachate Monitoring Plan, the table also 

provides the results of Mann-Kendall statistical trend analysis on data from leachate collection and leak 

detection systems. Monitoring results by location are discussed below. 

' Q O O 3 2 5  
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A.6.2.2.1 Leachate Collection System i? 3 0 0 4  
Five of the six constituents identified m Table A.6-3 were detected in the leachate collection system. 

0 
Mercury was not detected. Trend analysis indicates that there was no significant trend for any of the six 

constituents at-this monitoring location. 

A sample is collected annually and analyzed for 67 additional constituents (general chemistry, inorganic, 

and organic) at the leachate collection system. Like the annual sample for Cell 1 ,  the Cell 2 annual 

sample had no constituent concentrations that woul; require a change to the quarterly monitoring list. 

The volume of water pumped from the leachate collection system is discussed in Section A.6.4. 

A.6.2.2.2 Leak Detection System 

As reported in the 1998 Integrated Site Envirionmental Report, the leachate transmission pipeline for the 

on-site disposal facility was found to be malfunctioning during 1998 and was shut down (from the 

leachate collection system manholes to the permanent lift station) through the spring of 1999 to 

accommodate repairs. This pipeline is part of a system that connects the on-site disposal facility to the 

FEMP's advanced wastewater treatment facility for the subsequent treatment and discharge of collected 

leacnate aiid  st^;;: v&er mnoff (contact storm water) from cells where waste placement has begun. 

During the period that the above noted pipeline was not in service, a contingency plan for leachate 

collection was used to manually truck collected leachate/stormwater from Cells 1 and 2 for delivery to the 

advanced wastewater treatment facility. 

0 - .  

The malfunctions associated with the pipeline interrupted the FEMP's ability to obtain accurate water 

volume measurements and water quality monitoring data for the on-site disposal facility, most notably 

fior, the Cell 2 leak detection system. During this period, it became difficult to keep the various waters 
nrioinatino finm the nn-citP'dicnnca1 fwilitv w n a t a t e  finm nne another durine storm events SO that 

representative monitoring of each individual water source could be conducted. Water originating from 

the Cell 1 leachate collection system periodically became mixed with water collected from the Cell 2 leak 

detection system, resulting in non-representative water quality data for the Cell 2 leak detection system. 

Data continued to be collected throughout the time that the pipeline was not functioning properly and 

under repair to comply with existing monitoring plan requirements. Repairs to the line were completed in 

May 1999. 
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.; ,Table A.6-3 summarizes all of the water quality results collected from the Cell 2 leak detection system 

during the IEMP reporting period. Due to the mixing of flows noted above, the leak detection system 

results noted in Table A.6-3 are not considered representative of the Cell 2 leak detection system. Review 

of the data identified in Table A.6-3 indicates that five of the six constituents were detected in the Cell 2 

leak detection system samples (mercury was not detected). Three of the five detected constituents (total 

organic carbon, boron, and total uranium) were detected in 1999 at concentrations much higher than those 

found in the Cell 2 leachate collection system samples. These elevated concentrations attributed to the 

mixing of flows. The elevated concentrations are expected to decline over time so that the analytical 

results become representative of the Cell 2 leak detection system again. Trend analysis for total uranium 

indicates a Down, Significant trend for this ubiquitous site contaminant. However, no significant trend 

was observed for the remaining five constituents at this monitoring location. 

A.6.2.2.3 Horizontal Till Well 

Five of the six constituents identified in Table A.6-3 were detected in the horizontal till well. 

Technetium-99 was not detected. Two constituents (total organic halogens and mercury) showed 1999 

maximum concentrations higher than the overall maximum concentration found in the overlying leak 

detection system. Therefore, these concentrations are interpreted as being within the range of baseline 

concentrations in the perched water and do not represent a release from the cell. As indicated in 

Table A.6-3, the maximum total uranium result for 1999 was 3.19 pg/L. which is less than the previous 

maximum of 3.6 p a .  These concentrations are far below the groundwater FRL of 20 pgL. 

A.6.2.2.4 Great Miami Aauifer 

Four of the six constituents identified in Table A.6-3 were detected in the Great Miami Aquifer wells. 

Mercury and technetium-99 were not detected in either well. The 1999 maximum total organic halogen 

concentrations in both wells were less than the 1999 maximum in the horizontal till well and previous 

maxima for both wells. There is no FRL for total organic halogens. The total uranium concentration in 

Monitoring Well 22 199 indicates elevated baseline uranium concentrations at this well. Baseline control 

charts are scheduled for completion in 2000 for the Cell 2 Great Miami Aquifer monitoring. These charts 

may provide for a better understanding of the significance of these apparently elevated concentrations. 

None of the constituents sampled and analyzed from the aquifer exceeded groundwater FRLs. 

IEMP-ANMI999~PENDIXV\PP-A\TECH\ATT-A6 DOc\May 24,2000 3 57PM A.6-8 
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A.6.3 CELL 3 

performing well within design specifications. However, given the behavior of Cells 1 and 2, it was "G 

deemed unusual that no water came out of the Cell 3 leak detection system once waste placement had 

been initiated. For this reason, a camera survey was conducted in November 1999 to ensure that the leak 

detection system piping was not obstructed. The results of the survey indicated that the leak detection 

A.6.3.1 Construction and Leak Detection Flow Data 
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system piping was not obstructed. 

As shown in Table A.6-1 , precipitation for the period when the Cell 3 liner system was installed indicates 

that the conditions were much drier than those when the liners for Cells 1 and 2 were installed. These 

drier conditions may have led to a condition where, unlike Cells 1 and 2, very little construction water 

accumuiated in the Cell 3 !e& detection . .  laver. As noted in earlier sections, when waste placement and 

associated compaction began in Cells 1 and 2 this year, a clear response (initial increase then deciinej w-8s 

seen in their leak detection systems. '?%'is lack of construction water in Cell 3 may be the reason that the 

leak detection layer did not yield water when waste placement began in the fourth quarter of 1999. 

A.6.3.2 Analytical Data 

Sampling for Cell 3 was initiated in July 1998, and continued throughout 1999, to establish baseline 

groundwater conditions. Sampling of the leachate collection system and leak detection system was 

initiated in the fourth quarter of 1999. Table A.6-4 presents the constituents detected in 1999 from the 

monitoring locations associated with Cell 3, Of the 16 constituents sampled, six constituents (total 

organic carbon, total organic halogens, boron, mercury, technetium-99, and total uranium) were detected 

at least at one location. Consistent with the On-Site Disposal Facility Groundwaterkeak Detection and 

Leachate Monitoring Plan, the table also provides the results of Mann-Kendall statistical trend analysis 

for leachate collection and leak detection data. Monitoring results by location (leachate collection system, 

leak detection system, horizontal till well, and Great Miami Aquifer) are discussed below. 

IEMP-ANM1999\APPENDIX\APP-A\TECH\ATT-A6.~~ay 24,2000 534PM A.6-9 0660328 
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A.6.3.2.1 Leachate Collection System 

The leachate collection system for Cell 3 was sampled twice in 1999, once just prior to waste placement 

(protective layer) in October and a second time in November after waste placement was initiated. Four of 

the six constituents identified in Table A.64 were detected in the leachate collection system samples 

(mercury and technetium-99 were not detected). The four detected constituent concentrations in the 

pre-waste placement water sample were all greater than the concentrations in the water sample collected 

after waste placement began in November. This was unexpected. However, boron and total uranium 

concentrations may be higher due to high turbidity samples. The October sample had a higher turbidity 

(320 NTU) than the November sample (155 NTU). Because the samples are unfiltered, the October result 

could be biased high due to dissolution of sediment in the sample by the preservative or by the sample 

preparation techniques in the laboratory. 

' A  6 ;  ,. 
c *  

A sample is collected annually at the leachate collection system and analyzed for 67 additional 

constituents (general chemistry, inorganic, and organic). Like Cells 1 and 2, the Cell 3 annual sample had 

no constituent concentrations that would require a change to the quarterly monitoring list. 

A.6.3.2.2 Leak Detection System 

Due to lack of water accumulatiodyield, leak detection system for Cell 3 was not sampled during 1999. 

A.6.3.2.3 Horizontal Till Well 

All six of the constituents identified in Table A.64 were detected in the horizontal till well. The 1999 

data from the horizontal till well will be added to the data set to be used for calculating baseline 

conditions. 

A.6.3.2.4 Great Miami Aauifer 

Five of the six constituents.identified in Table A.64 were detected in the Great Miami Aquifer 

monitoring wells. Technetium-99 was not detected. None of the constituents sampled and analyzed from 

the aquifer exceeded groundwater FRLs. All five of the 1999 detected constituents were found at higher 

concentrations in downgradient Monitoring Well 22204 than in the upgradient Monitoring Well 22203, 

indicating higher baseline conditions at the downgradient well. The 1999 data from the Great Miami 

Aquifer monitoring wells will be added to the data set to be used for calculating baseline conditions. 

IEMP-ANMI999WPENDIX\APP-A\TECH\ATT-A6.WC\May 24.2000 5:35PM A.6- l o  1 
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A.6.4 CELL 4 ANALYTICAL STATUS 

The downgradient Great Miami Aquifer Monitoring Well 22205 for Cell 4 was installed in August. 

' ?- 1"- .. 30 0.4 

Development of this well has been postponed till this spring due to unusually low water levels. DOE 

chose not to develop the well last fall for the following reasons: 

e Due to the low water level in the well, it was estimated that it would take much more 
time (and therefore be more costly) to develop the well than waiting until the water levels 
came back up in the spring. 

e The viability of the development process (which includes airlifting) was determined to be 
questionable when the water levels were low. 

e Sufficient time was available to delay the development of the well and still collect a 
year's worth of pre-waste placement baseline data, given that the schedule for waste 
placement in Cell 4 indicated that the cell would not become operational until at least 
late 2001. 

Installation of a new well, to serve as the upgradient well for Cell 4, will not be required because 

Monitoring Well 2421 will be used. Baseline sampling of these two wells is scheduled to begin the 

A.6.5 LEACHATE COLLECTION SYSTEM VOLUMES 

Leachate volumes are measured at a meter located within the on-site disposal facility leachate conveyance 

system at a manhole near the Bio-Surge Lagoon. In addition to leachate from active cells, the volumes 

measured include water from the following sources: 1) on-site disposal facility heavy equipment wash, 

2) water pumped from excavations at the former sewage treatment plant, and 3) water pumped from the 

leak detection system of each active cell. These three flows are subtracted from the total meter reading at 

the Bio-Surge Lagoon to obtain a leachate volume measurement representative of the collective leachate 

volume fkom all on-site disposal facility cells that contain waste materials. 

Leachate from Cells 1,2, and 3 contributed to the leachate volumes fneasured during 1999. Leachate was 

collected from Cells 1 and 2 for the entire year (since waste placement began prior to 1999) and from 

Cell 3 from October 19, 1999 through December 3 1, 1999 (since placement of material in Cell 3 began in 

October). A total of approximately 5.25 million gallons of leachate were collected and pumped to the 

Bio-Surge Lagoon for subsequent treatment at Phase II of the advanced wastewater treatment facility. 

This leachate volume indicates that about 40 percent of the precipitation that fell on the controlled areas 

of Cells 1,2, and 3 (13,016,788 gallons) became leachate that was collected. The remaining 60 percent of 

the precipitation likely evaporated or was retained in the waste material. The 5.25 million gallons 

. .  . i  
.. . 
' . .  r . .  
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'collected is somewhat higher than what was expected based on design calculations (4.9 million gallons), 

given that the design calculations assumed average precipitation (approximately 40 inchedyear) and the 

actual precipitation at the F E W  was approximately 34 inches for 1999. The design calculations used 

were: 

For Cell 1 (considered to be in the intermediate stage based on 1999 volume in cell), 
average annual for the intermediate stage (696 gpad) x (6.45 acreskell) x (365 days) 
= 1,638,558 gallons 

e For Cell 2 (considered to be in the initial stage based on 1999 volume in cell), average 
annual for the initial stage (1 145 gpad) x (6.45 acredcell) x (365 days) = 2,695,616 
gallons 

For Cell 3, average annual for the initial stage (1 145 gpad) x (6.45 acres/cell) x (74 days) 
= 546,509 gallons 

Total for Cells 1 , 2, and 3 = 4.9 million gallons. 

As presented in Figure A.6-7, leachate volumes fluctuated throughout the year but generally correlate to 

precipitation. These fluctuations are expected during the active waste placement period of the on-site 

disposal facility (prior to final capping) because the leachate volumes during this period primarily reflect 

the amount of precipitation that falls on the active cells and is subsequently collected in the leachate 

collection systems. As the cells are capped, the leachate volumes from the capped cells are expected to 

stabilize and diminish over time. 

IEMP-ANM1999WPENDIXMF'P-A\TECH\ATT-A6 DOc\Mny 24.2000 5 35PM 
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0 TABLE A.6-1 7 .  3004 
PRECIPITATION DURING CONSTRUCTION OF CELLS 1,2, AND 

3 SECONDARY AND PRIMARY LINERS 
- 

~ 

Cell 1 Cell 2 Cell 3 - -  Activityfitem 

Secondary liner construction Start: October 21,1997 September 8,1998 August 18,1999 
Finish: November 12,1997 October 7, 1998, September 2,1999 

Precipitation during construction 
(inches) 1.9 4.12 1.77 

Cell area (acres) 6.45 6.45 6.45 

Precipitation volume on cell during 
construction (gallons) 330,196 7 16,004 307,604 

Primary liner construction Start: November 1997 October 20,1998 September 13,1999 
* Finish: December 18, 1997. November 2, 1998 September 28, 1999 

Precipitation during construction 
(inches) 

Cell area (acres) e 
3.48 0.81 0.07 

6.45 6.45 6.45 
c 

Precipitation volume on cell during 
construction (gallons) 604,780 140,768 12,165 

Total precipitation volume on cell 
during secondary and primary liner 
construction periods (gallons) 934,976 856,772 3 19,769 

IEMP-ANM1999WPENDIXV\PP-A\TECHMTT-A6.~Clhfay 24,2000 3:57PM ' A.6- 1 3 
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TABLE A.6-2 

0 
8 a 
Cc\ .c CJ .. 
2. .l ON-SITE DISPOSAL FACILITY CELL 1 DATA SUMMARY FOR CONSTITUENTS DETECTED DURING 1999 

Note: Non-italicized pertains to total number of samples (including 1999 samples). 
Italicized penains to I999 samples only. . .  

Great Miami Aquifer 

LCSb*Ld'(l 2338C) LDSbVLd'( l2338D) HTWb."lSr( 12338) UpgradienthLd'(22201) . DowngradientbLd*'(221 98) 

No. of No. of No. of 
Samples with Samples with 

No. of No. of 
Samples with Samples with Samples with 

Detections Range Detections Range Detections Range Detections Range Detections Range Constituent 

19/23 ND to 52.5 618 ND to 123 sn ND to 80.9 24/26 ND to 12.2 20123 ND to 59.7 
Total Organic 
Carbon 
OJA'mdL) 2/4 N D  to 25.8 2/4 ND to 11 5/7 N D  to 5.23 1/4 N D  to 2.22 u4 ND to 3.56 
Trend No Significant Trend No Significant Trend NA NA NA 

Total Organic 
718 ND to 0.204 617 ND to 0.0426 15/25 ND to 0.077 ' 12/23 . ND to0.078 8/23 ND to 0.0526 Halogens 

(NA'mdL) 4/4 0.00716 lo 0.204 4/4 0.0164 fo 0.0202 M N D  to 0.0703 014 N D  1/4 N D  to 0.0147 
Trend No Significant Trend No Significant Trend NA NA NA 

919 0.0642 to 2.8 717 0.0296 to 0.321 20126 ND to 0.685 18/23 24/32 ND to 0.1 I6 ND to 0.142 Boron 
(0.33 mdL)  4/4 0.536 fo 2.8 414 0.253 lo 0.276 5/7 N D  to 0.0674 4/4 0.0983 fo 0.125 6ia N D  to 0.0541 
Trend Up, Marginal No Significant Trend NA NA NA 

Tcchnetium-99 218 ND to 18.28 1 17 ND to 8.92 7/26 ND to2l . l  1/23 ND to 13.41 2/32 ND to 14.8 
(94.0 pCilL) 014 N D  , 114 N D  to 8.92, On N D  014 ND OB ND 
Trend Down, Significant No Significant Trend NA NA NA 

0.557 to 3.814 Total Uranium 718 NDto119 717 1.5 t020.17 25/26 ND to I9 . 20123 ND to 5.196 32/32 
(20 PdL) 314 ND to 102.14 414 11.4 lo 20.1 7 6/7 ND to 2.37 314 ND to 0.592 8B 0.557fo 1.221 

Trend No Significant Trend No Significant Trend NA NA NA 

No. of Samples No. of Samples No. of Samples No. of Samples No. of Samples ( F W '  

k 
-0 x 

'From Operable Unit 5 Record of Decision, Table 9-4 

'Rejected data qualified with either a R or Z were not used in this comparison. 
5 ;  
"> $ 

dND = not detected $ 2  
blf there was more than one sample result per day (e.& a duplicate sample), then only the maximum sample concentration was counted and compared to the FRL. 

"Q' p 

2 5 . -  
E. 2 

o o r  

'LCS = leachate collection system 
LDS = leak detection system 
HTW = horizontal till well 
'NA = not applicable 

2 r g  

gs > 



TABLE A.6-3 

ON-SITE DISPOSAL FACILITY CELL 2 DATA smramy FOR CONSTITUENTS DETECTED DURING 1999 
Note: Non-italicized pertains to total number of samples (including 1999 samples). 

Italicized pertains to I999 sample* only. I 

Great Miami Aquifer 

LDSb.bd+f( I2339D) H ~ s ' + s  ( 1 23 3 9) Upgradientb*Ldg(22200) D0wngra'dient~'.'~(22 199) - LCShcde(l 2339C) 

No. of No. of No. of No. of No. of 
Samples with Samples with . . , Samples with Samples with Samples with 

Detections Range Detections Range - Detections Range Detections Range. Detections Range 
Constituent 
( F W '  No. of Samples No. of Samples No. of Samples No. of Samples No. of Samples 
Total Organic 
Carbon 315 ND to3.51 . 516 ND to 26.1 20124 ND to 4.22 16/18 14/18 NDto51.8 ND, to 47.6 

2/4 ND to 3.51 415 ND to 26.1 3/7 ND to 3.04 314 ND to 16.2 2/4 ND to 2.51 (NA'mdL) 

Trend No Significant Trend No Significant Trend NA NA I NA 
Total Organic 
Halogens 3t5 ND to 0.0299 416 ND to 0.0205 16/24 ND to 0. I01 911 8 ND to0.124 9/18 ND to 0.0386 

2/4 ND to 0.0299 315 ND to 0.01 5 4/7 ND to 0.101 214 ND to 0.0138 314 ND to 0.0272 (NA'mpn) 

Trend No Significant Trend No Significant Trend NA NA NA 
Boron 516 ND to 0.915 515 0.408 to 2.22 14/24 ND to 0.0829 12/18 12/18 ND to 0.0569 ND to 0.158 
(0.33 mg/L) 4/4 0.207to 0.915 4/4 0.408 to 2.22 5/7 ND to 0.0432 4/4 0.0465 to 0.0536 4/4, a0404 to 0.0458 

No Significant Trend No Significant Trend NA NA NA Trend 

Mercury 015 ND 015 ND 2/23 ND to 0.00025 0118 ND 011 8 ND 
(0.0020 mg/L) 0/4 ND 0/4 ND 1/7 ND to 0.00025 0/4 ND 014 ND 
Trend 
Technetium-99 1 I5 ND to 21.25 I IS ND to 15.99 5/25 ND to 12 011 7 ND 0/18 ND 

114 ND to 21.25 I /  4 ND to 15.99 0/7 ND 0/4 ND 0/4 ND (94.0 pCilL) 

Trend No Significant Trend No Significant Trend NA NA NA 

Total Uranium 515 4.51 to 22.7 515 12 to 71 24/25 12/18 NDto 1.11 1811 8 0.259 to 12.1 ND to 3.607 
(20 d L )  4/4 4.51 to 22.7 4/4 12 to 50.37 6/7 ND to 3.19 1/4 ND to 0.13 

No Significant Trend No Significant Trend NA NA NA 

414 0.544 to 12.1 -Q x 
Trend No Significant Ttrend Down, Significant NA NA NA 2-  

Z' E? 

'From Operable Unit 5 Record of Decision, Table 9-4 
bIf there was more than one sample result per day (e.g, a duplicate sample), then only the maximum sample concentration was counted and compared to the FRL. 

.: . 'Rejected data qualified with either a R or 2 were not used in this comparison. 

. dND = not detected 

.. Z C S  = leachate collection system 
c. ' LDS = leak detection system 

* HTW = horizontal till well 

i . 7  

.. w 
&a , c: b a t a  from the Cell 2 LDS is considered suspect due to mixing of flows (refer to Section A.6.2.2.2). 

gNA = not applicable 
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- .  
:a ;.:.e E.: ..' 0 TABLE A.6-4 

?: 62 s -, e.J c:: ON-SITE DISPOSAL FACILITY CELL 3 DATA SUMMARY FOR CONSTITUENTS DETECTED DURING 1999 
Note: Non-italicized pertains to total number of samples (including 1999 samples). z 

2 

1 P 

Italicized pertains to 1999 samples onb. 
Great Miami Aquifer 

Downgradient""" (22204) LCSb.c3Lsf (1 2340C) LDSbcSdeSg (1 2340D) HWGbsLb (1 2340) Upgradienth'dcb (22203) 

No. of 
Samples with 

No. of 
Samples with 

No. of 
Samples with 

No. of 
Samples with 

No. of 
Samples with 

Constituent Detections Range Detections Range , Detections Range Detections Range Detections Range. 

112 ND to 34.2 NA NA 10120 ND to 4.21 5/16 ND to 3.51 6/16 ND to 5 
IR ND to 34.2 NA NA 5/14 ND to 4.21 2/11 ND to 2.52 3/1 I ND to 2.82 

(FRL)= No. of Samples No. of Samples No. of Samples No. of Samples No. of Samples 
Total Organic 
Carbon 

Trend NA NA NA NA NA 
(NA'mdL) 

Total Organic 
Halogens . 212 0.104 to 0.178 

2 R  0.104 to 0.1 78 (NA'mdL) 

NA 
NA 

NA 16/20 ND to 0.158 8/16 ND to 0.019 711 6 ND to 0.03 
NA 12/14 .ND to 0.158 5/1 I ND to 0.019 5/1 I ND to 0.03 

Trend NA NA NA NA NA 
Boron 212 0.268 to 0.496 NA NA 16/19 ND to 0.24 10116 ND to 0.0776 9/16 ND to 0.179 

2 R  0.268 to 0.496 NA NA 13/13 0.0433 to 0.24 811 I ND to 0.0454 8/1 I NDto0.179 (0.33 mdL) 

Trend NA NA NA NA ' NA 
Mercury 012 ND NA NA 1/19 ND to 0.00026 0116 ND 1/16 ND to 0.00028 

OR ND NA NA 1/13 ND to 0.00026 O/I I ND 1/1 I ND to 0.00028 
Trend NA NA NA NA NA 
Technetium-99 012 ND NA NA 211 9 ND to 38.35 0116 ND 0116 ND 
(94.0 pCiIL) OR ND NA NA 2/13 ND to 38.35 O/I I ND O/I I ND 
Trend NA NA NA NA NA 

ND to 2.995 Total Uranium 

(20 2R 9.27 To 11.5 NA NA 12/13 ND to 8.64 6A I I O/I I ND to 1.67 ND to 0.907 
Trend NA NA NA NA NA 

. (0.0020 mg/L) 

212 9.27 To 1 1.5 NA NA 17/19 ND to 9.14 11/16 ND to 0.907 15/16 

'From Operable Unit 5 Record of Decision, Table 9-4 
bIf there was more than one sample result per day (e.& a duplicate sample), then only the maximum sample concentration was counted and compared to the FRL. 'Rejected data qualified with either a R or 
Z were not used in this comparison. 
dND = not detected 
'HTW = horizontal till well 
'The Mann-kendall test for trend is reported unless the number of samples is less than four. 
940 samples were taken from the LDS because it was dry. 
hNA = not applicable 
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Appendix B presents additional surface water, treated effluent, and sediment data in support o?&afleA 

of this 1999 Integrated Site Environmental - Report. This appendix consists of two attachments as 

follows: 

0 Attachment B. 1 provides further evaluation of the final remediation levels (FRLs) and 
benchmark toxicity values (BTVs) exceedances for surface water and treated effluent 
including an assessment of potential cross-media impacts to the groundwater pathway. This 
attachment also provides detail on storm water-related bypasses pertaining to compliance 
with the Record of Decision for Remedial Actions at Operable Unit 5 (DOE 1996) total 
uranium treated effluent discharge limits. 

Attachment B.2 provides additional details pertiining to the 1999 sediment analyhcal results 
and historical results for comparison purposes. 

. .  . ,  
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During 1999 surface water and treated effluent samples were collected under the Integrated 

, EnvirCfental-Monitoring Plan (Em-), Revision 1 .(DOE 1.999a) and locations are presented in 

Figures B. 1-1 and B.l-2. The following information is discussed in this attachment: 

0 Surveillance monitoring (Section B. 1.1) 

0 Federal Facilities Compliance Agreement (FFCA)/Operable Unit 5 Record of Decision 
. compliance (Section B. 1.2) 

e Controlled and uncontrolled areas (Section B. 1.3). 

National Pollutant Discharge Elimination System (NPDES) is not discussed in this attachment as it is 

discussed in sufficient detail in Chapter 4 of this report. 

B. 1.1 SURVEILLANCE MONITORING 

Surveillance monitoring is the comparison of surface water and treated effluent analy-hcal results to the 

surface water FRLs and BTVs in order to determine effects of Fernald Environmental Management 

Project (FEMP) remediation activities on fhe surface w a k i  pztk+zy. S~zrvei!!m-ce monitoring also 

includes an assessment of the effects surface water may have on the groundwater pathway (referred to as 

cross-media impacts). 

0 

All 1999 data with the exception of the data collected from the new sewage treatment plant (STP 460 1) 

were compared to FRLs and BTVs. Results of treated effluent samples collected from the sewage 

treatment plant (STP 4601) are not used for surveillance monitoring, because these samples are collected 

at an internal point prior to the sewage treatment plant treated effluent being discharged to the Parshall 

Flume (PF 4001). (Note: During 1999 the sewage treatment plant effluent comprised less than two 

percent of the combined effluent discharged to the Great Miami River.) Samples collected at the .Parshall 

Flume (PF 400 1) are used in the surveillance evaluation because this is the last point treated effluent is 

sampled prior to discharge to the Great Miami River. 

B.l-1 IEMP-ANMI999\APPEND~P-B\TECH\BI.~y 23.2000 1013 AM 000343 
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Water discharges to the Great Miami River are required to be below the FRLs at the point where 

' 'discharged water is completely mixed with water in the Great Miami River (i.e., outside the mixing 

zone). To make a determination of the concentration of each constituent at this point in the Great 

. >  

I r * a .  

Miami River for comparison to the FRLs, the following calculation was applied to data from the Parshall 

Flume (PF 4001): 

where: 

Flow-weighted average concentration outside the mixing zone in the 
Great Miami River, picoCuries per liter (pCi/L) or milligrams per 
liter (mg/L) 

- cPF4001 - 

QIO 

CGMR 

- - 7-day, 10-year low flow, 583 cubic feet per second (cfs) 

Background concentration in Great Miami River fiom the Remedial 
Investigation Report for Operable Unit 5 (DOE 1995), pCiL or mg/L 
(0 was used when no background concentration was available) 

0 - - 

Daily flow at Parshall Flume (PF 400 l), cfs - - 
QPF 

Daily concentration at Parshall Flume (PF 400 l), pCi/L 
or 'mgL 

- - CPF 

Note: In addition, flow conditions at the Hamilton Dam gauge are periodically reviewed to determine 
if there is a lower flow than the Y-day, 10-year low flow of 583 cfs. The lowest daily flow 
measured at the Hamilton Dam gauge (if lower than 583 cfs) is used in the equation to see if an 
exceedance could potentially occur. 

. 

It is also important to note that several surface water sample locations were dry or not sampled during 

1999, and therefore there are no analy-hcal data available during these periods. The locations that were 

dry or not sampled are as follows: first quarter (STRM 4003 and STRM 4004); second quarter 

(STRM 4004 and SWD-03 in April); third quarter (STRM 4004, SWD-01, SWP-01, SWP-02, SW-03, 

and SWD-03 in July and September); and fourth quarter (STRM 4004, SWD-02 in October, and SWD-03 

in October). 
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As identified in the Integrated Environmental Monitoring Status Report for Fourth Quarter 1999 

(DOE 2000), 1999 was exceptionally dry and precipitation was below the 50-year average, as shown in 

Figure B.l-3. Even though precipitation was low for the year, it became apparent through review of the 

. fieNpapeivGork that sampling crews did not attempt to collect samples during some months of the year. 

Meetings were held with the sampling crew managers, and a strategy was developed to ensure that the 

necessary samples would be taken in the future. The strategy includes the following actions: 

0 

a Due to the intermittent nature of the flow at the surface water sample locations, the 
sampling crews must be ready to sample at the beginning of a quarter so that the crews 
have the maximum number of opportunities to collect samples during drier quarters. I 

The surface water sampling procedure governing these activities is being revised to 
require the sampling crews be ready to sample at the beginning of the quarter. 

This process will continue to be monitored closely to ensure that the strategy is implemented as planned. 

It should also be noted that although some samples were not collected, there is no reason to believe that 

any unmonitored discharges were significantly different in character from previous discharges based on 

the site activities occurring during the year. e 
B. 1.1.1 Evaluation of Constituents Above FRLs for 1999 

Table B.l-1 lists surface water FRL exceedances at corresponding sample locations and Figure B.1-4 

shows the locations of these exceedances. The FRL exceedances that occurred in 1999 were generally 

sporadic. The following are general observations: 

No exceedances occurred in the Great Miami River (using the mixing equation and 
Parshall Flume [PF 40011 concentrations). The lowest daily flow at the Hamilton Dam 
gauge during 1999 was 267 cfs. There were also no exceedances identified using this 
low flow value in the mixing equation. 

No exceedances occurred at the point where Paddys Run flows off property (SWP-03), 
with the exception of one chromium exceedance. 

a 

a No exceedances of the surface water FRL for total uranium occurred at any surface water 
sample location. Figure B. 1-5 shows the total uranium concentrations at SWP-03 
(Paddys Run at downstream property boundary). 

a There were only two FRL exceedances; the above mentioned chromium exceedance at 
SWP-03 and an exceedance for manganese at background location SWP-0 1. No BTV 
exceedances were experienced during 1999. 
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The exceedance for manganese was at the Paddys Run background location SW-0 1.  This location is not 

under the influence of FEMP discharges. The background data are used to distinguish impacts from 

FEMP activities against upstream water quality conditions. 

The FRL (0.0 10 mg/L) for chromium was exceeded at only one location. The FRL for chromium is 

actually associated with hexavalent chromium; however, due ,to the short laboratory holding times for 

hexavalent chromium, in most cases total chromium is analyzed instead. Comparing total chromium 

concentrations against the hexavalent chromium FRL is conservative, because hexavalent chromium is a 

component of total chromium. Given the field activities that occurred in 1999, no specific circumstances 

can be discerned that would explain the'chromium exceedance nor can the validity of the chromium 

exceedance be discerned due to the lack of site specific chromium speciation data. There is no 

significant trend associated with the chromium exceedance. 

B. 1.1.2 Evaluation of Cross-Media Imuacts for 1999 

Another objective of the IEMP surveillance monitoring program is to provide an ongoing assessment of 

the potential for cross-media impacts from surface water to the underlying Great Miami Aquifer. To 

conduct this assessment, sample locations were selected to evaluate contaminant concentrations in 

surface water just upstream from those areas where site drainages have eroded through the protective 

glacial overburden (i.e., the Storm Sewer Outfall Ditch and certain reaches of Paddys Run). In areas 

where the overburden is absent, a direct pathway exists for contaminants to reach the aquifer. 

Total uranium is used as an indicator to evaluate the impact of surface water on the Great Miami Aquifer, 

because it is the primary contaminant at the site. A conservative assumption is used in this assessment, 

which considers the total uranium concentration (and all other constituent concentrations) in the surface 

water to be at the same concentration when the water reaches the Great Miami Aquifer through 

infiltration. However, the most likely scenario is that the total uranium concentration (and all other 

constituent concentrations) would decrease, because dilution and adsorption occur as the water infiltrates 

through the ground and is mixed with the groundwater in the Great Miami Aquifer. 

As shown in Table B.1-2, the results of the cross-media impact assessment for 1999 indicate occasional 

exceedances of the groundwater total uranium FRL (20 micrograms per liter [pg/L]) in the areas where 

surface water is directly infiltrating into the Great Miami Aquifer. Key sample locations associated with 

these areas of direct infiltration are SWP-02, SWD-02, and the Storm Water Retention Basin overflow 

(SWRB 40020). Figures B. 1-6 through B. 1-8 present the total uranium concentrations along with the 

B.1-4 XEMP-ANNU599WPENDD(\APP-B\TECH\Bl Doc\May 23,2000 IO 13 Ah4 
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results from trend analysis (fkom Mann-Kendall test for trend) for these locations. Only one of these 

locations (SWD-02) had total uranium groundwater FRL exceedances. However, based on the 

exceedances at this location, it is not likely that there were any significant cross-media impacts to the 

underlying Great Miami Aquifer. Moreover, trend analysis indicates that there was a “down, significant” 
- 

1 trend at SWD-02. In addition, the design of the groundwater restoration systems has accounted for this 

potential contaminant pathway by installing extraction wells downgradient of these areas where direct 

infiltration can occur. No other surface water constituent concentrations at the three locations exceeded 

any groundwater FRLs. 

It should be noted that in early 2000, pre-design groundwater characterization activities in the waste 

storage and Plant 6 areas confirmed that an area in the Pilot Plant Drainage Ditch adjacent to Paddys Run 

should be considered as a primary source of infiltration, and therefore a cross-media impact to the 

underlying aquifer. Therefore, STRM 4005 (the IEMP and NPDES monitoring point immediately 

usptream of this point of confluence) and SWD-03 will also be evaluated and discussed in future IEMP 

reports with respect to cross-media impacts to the groundwater pathway. 

B. 1.1.3 Evaluation of Constituents Above BTVs for 1999 

Based on the results of the BTV screening process presented in the tippiGYed Si:e.*.*.de E?rcs&nn Plan 

(DOE 1998), three constituents (barium, cadmium, and silver) are evaluated against surface water BTVs. 

No BTV exceedances occurred during 1999. 

B. 1.1.4 Conclusions 

Based on the sporadic nature of these FRZ, and BTV exceedances, continued monitoring is recommended 

to determine their significance. The data will continue to be used to document exceedances, provide 

statistical analysis, assess the cross-media impacts, and determine if additional administrative or 

engineered controls are required to protect the surface water pathway. At this time no additional controls 

are warranted. 
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B. 1.2 FFCNOPERABLE UNIT 5 RECORD OF DECISION COMPLIANCE 

The Operable Unit 5 Record of Decision stipulates compliance with a monthly flow-weighted average 

total uranium concentration of 20 pg/L at the Great Miami River via the Parshall Flume (PF 4001) 

beginning on January 1 ,  1998. Additionally, the Operable Unit 5 Record of Decision stipulates that the 

total mass discharged during a year is limited to 600 pounds. During 1999 the F E W  monitored total 

uranium concentrations at the Parshall Flume (PF 400 1) daily to demonstrate compliance with these 

limitations. . 

The FEMP was in compliance with the total mass limitation as uranium discharges totaled 233 pounds, 

which is well below the 600 pound limitation. The FEMP was in compliance with the 20 pg/L limitation 

every month except January. The January 1999 exceedance is explained in Subsection B.1.2.3. 

B. 1.2.1 Storm Water-Related Bvoasses 

The Operable Unit 5 Record of Decision allows the FEMP to directly discharge water collected in the 

Storm Water Retention Basin to the Great Miami River during periods of “significant precipitation.” 

These are referred to as bypass events (storm water bypassing treatment directly to the Great Miami 

River). The Operable Unit 5 Record of Decision allows the FEMP to eliminate the flow-weighted 

concentration for these bypass days due to “significant precipitation” (up to 10 days each year) in order 

to comply with the 20 pg/L total uranium limit. The definition of significant precipitation and the 

manner in which these days are accounted for in the calculation demonstrating compliance with the 

20 pg/L limitation is in the Operations and Maintenance Master Plan for Aquifer Restoration and. 

Wastewater Treatment Project (Section 3.6.2) (DOE 1999b). The Operations and Maintenance Master 

Plan was revised in 1999 and approved by the U.S. Environmental Protection Agency (EPA) and the ‘ 

Ohio Environmental Protection Agency (OEPA) in December 1999. In summary, “significant 

precipitation”.bypass days are to be accounted for as follows: 

0 Each,day the system is bypassed for less than 12 hours is to be counted only as necessary 
to achieve the 20 pg/L monthly average total uranium limit. 

Each day the system is bypassed for 12 or more hours is to be counted as a full bypass e 

day. 

The flow-weighted concentration and flow rate for each bypass day are eliminated from the calculation 

for the month. 

Based on the approved definition, no significant precipitation bypass days occurred during 1999. 
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B. 1.2.2 Maintenance Related Bwasses a 
Bypassing during scheduled treatment plant maintenance is permissible under the Operable Unit 5 

Record of Decision provided prior notice is given to EPA and OEPA. The uranium concentration, for 

those days when a maintenance activity was performed, can be eliminated from the uranium 

concentration calculation. The FEMP had three such days in March 1999 as identified in Table B. 1-3. 

The FEMP was in compliance with the 20 pg/L limitation for that month as identified on Fi&e B.1-9. 

B. 1.2.3 1999 Exceedances of the 20 u d L  Total Uranium Limitation 

The average concentration for January was 26.1 p a .  The January exceedance was partially due to 

eluate (with elevated total uranium concentrations) from frozen valves on the ion exchange resin 

regeneration system leaking into the advance wastewater treatment facility (Phase 11) discharge header. 

The leaking valves were identified on J a n u e  6,  1999, and the situation Controlled by January 1 1 , 1999. 

However, the total uranium concentrations during this time (January 6 through 11) were well above 

normal at the Parshall Flume. Additionally, the total uranium concentrations at the sewage treatment 

plant were well above normal during January. Once discovered, the new sewage treatment plant effluent 

was temporarily redirected during a portion of January to the advanced wastewater treatment facility 

(Phase II). In addition, some extraction and re-injection wells were shut down during a portion of 

January to mitigate the higher total uranium concentrations occiming ai the Pzrsha!! FI-ame: 

B.1.3 CONTROLLED AND UNCONTROLLED AREAS 

There were a few acres, previously uncontrolled, that were added to the FEMP controlled storm water 

system in 1999 (Figure B.1-10). This includes Cell 3 of the on-site disposal facility. This change added 

approximately seven acres of previously uncontrolled area to the controlled system. The following 

identifies for each specific area where storm water runoff is collected, how it is controlled, the reason 

why the area is now controlled, and the amount of area controlled: 

0 &-Site Disposal Facility: Storm water runoff associated with Cells 1, 2, and, beginning 
in October 1999, storm water runoff associated with Cell 3 is collected by the leachate 
collection system. This storm water runoff is pumped to the Bio-Surge Lagoon and then 
to the advanced wastewater treatment facility. This area is controlled because waste 
placement is occurring within all three cells. Each individual cell is approximately seven 
acres; therefore, the total controlled area associated with the on-site disposal facility was 
raised from 14 acres at the end of 1998 (waste placement was occurring in Cells 1 and 2) 
to 21 acres by the end of 1999. 

0 Southern Waste Units: Storm water runoff associated with the southern waste units is 
collected by three engineered basins which became operational in July 1998. They 
continued to be operated in 1999. The water from these basins is transferred to the 
Storm Water Retention Basin and then to the advanced wastewater treatment facility. 
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This area is controlled due to the excavation of contaminated soil and waste material. 
The area controlled is 26 acres. 

0 Waste Pits Remedial Action Project area: The Waste Pits Remedial Action Project 
facility area is designed so that storm water runoff associated with this project is 
collected in the Storm Water Management Pond. Collected storm water requiring 
treatment is pumped to the Bio-Surge Lagoon and then to the advanced wastewater 
treatment facility. Runoff from this area (10.5 acres) is controlled due to past 
construction and current excavation activities in the Operable Unit 1 area. 

The U.S. Department of Energy has received approval to discharge storm water from this Storm Water 

Management Pond, which is determined to be uncontaminated, directly to Paddys Run upon the 

following conditions : 

0 Prior to discharging water to Paddys Run, a sample is collected from the Storm Water 
Management Pond and analyzed for total uranium. If the total uranium result is below 
20 pgL, then the water is discharged to Paddys Run. 

0 As the water is being discharged to Paddys Run, a total suspended solids sample is 
collected. 

The water from the Storm Water Management Pond is not discharged to Paddys Run if the total uranium 
result is above 20 pg/L. 

The areas from which run-off must be controlled will continue to change throughout remediation. 

Potentially contaminated areas will be added to the controlled system and areas that have been 

remediated will be removed from the system. This information will continue to be provided in IEMP 

quarterly status reports. 

. 



TABLE B.1-1 

SUMMARY STATISTICS AND TREND ANALYSIS FOR CONSTITUENTS 
WITH 1999 RESULTS ABOVE FINAL REMEDIATION LEVELS 

No. of Samples 
b c d f  Avg. b e d  . . ,  f SDb,c,d,f Max. ' ' * 

b c d f  NO. of NO. of Samples Above FRL FRL~ Min. ' ' ' 
Constituent Samplesb*c*d Above FRLbsCsd for 1999C'd (mg/L) (mg/L) 
Manganese 10 1 1 I .5 0.0133 1.71 0.21 1 0.528 Up, Marginal 

2 
E 

(mg/L) (mg/L) (mg/L) Trendb/Af 4 Locationa 

SWP-01 1 8 (Paddys Run Background) 
Y SWP-03 Chromium 14 1 1 0.019 0.00024 0.0131 0.0024 0.0033 No Significant Trend 

8 Property Boundary) 

3 

(Paddys Run at Downstream 

- 
0 

aRefer to Figure B. 1-4 
bBased on samples collected from 1997 through 1999 
'If more than one sample is collected per surface water location per day (e.g., duplicate, grab, composite), then only one sample is counted for the number of samples, and the sample 
with the maximum concentration is used for determining the summary statistics (minimum, maximum, average, and standard deviation [SD]), Mann-Kendall test for trend, and in 

dRejected data qualified with either a R or Z were not included in the count, the summary statistics, or Mann-Kendall test for trend. 
eFrom Operable Unit 5 Record of Decision, Table 9-5 
'For results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for trend are each set at half the detection limit. 
gFRL based on hexavalent chromium, from Operable Unit 5 Record of Decision, Table 9-5; however, the sampling results are for total chromium. 

a 
L 
\b determining FRL exceedances. 
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TABLE B.l-2 
0 

1.- 8 e3 %w 
'i $1 
4 

SUMMARY STATISTICS AND TREND ANALYSIS OF 1999 TOTAL URANIUM 
GROUNDWATER FINAL REMEDIATION LEVELS EXCEEDANCE FOR CROSS-MEDIA IMPACTSa 

No. of Samples 
No. of No. of Samples Above FRL for Min>d*esr MaX>d,e,f Avg.C,dc.f SDC.dc.f 

Samplescsd,c Above FRLcBdc 199gd*' (pg/L) (pg/L) (pg/L) (pg/L) TrendC,d,C,f 
27 9 2 0.599 73 21 15 No Significant Trend 

' Location' 
SWD-02 
(Storm Sewer Outfall Ditch) 

L 
3 

I C 1  8 

aGroundwater total uranium FRL is 20 pg/L. 
bRefer to Figure B. 1-1 for sample locations 
'Based on samples collected from 1997 through 1999 
dIf more than one sample is collected per surface water location per day (e.g., duplicate, grab, composite), then only one sample is counted for the number of 
samples, and the sample with the maximum concentration is used for determining the summary statistics (minimum, maximum, average, and standard deviation 
[SD]) and in determining FRL exceedances. 

'For results where the concentrations are below the detection limit, the results used in the summary statistics and Mann-Kendall test for trend are each set at half the detection limit. 

Y E 
.c: 
8 
:: s 

Rejected data qualified with either a R or Z were not included in the count, the summary statistics, or Mann-Kendall test fbr trend. 

pd 
b-l 
I 
c 
0 

... 
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1999 TREATMENT BYPASS EVENTS 

Number Cumulative 
Duration ofBY%%s Number of Total Uranium Discharged Total Water Discharged 

(to Great Miami River) 
Event (hours) Daysa Bypass Days (pounds) (miIhonS of gallons) 

Treatment Plant Maintenance 
Bypasses 
March 15 through March 17 72 3 3 3.29 13.767 

aDays are counted according to the definition provided in the Operations and Maintenance Master Plan for the Aquifer 
Restoration and Wastewater Treatment Project. 

(to Great Miami River) 
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Note: The surface water FRL for total uranium is 530 ,ug/L. 

300 

250 
n 

50 

0 

\ 

\ 

groundwater FRL for total uranium is 20 ,ug/L. I 

samples to 
perform trend 
analysis. . 

1997 1998 19991 

Sample Date (year) 

FIGURE B.1-8. TOTAL URANIUM CONCENTRATION VS. TIME PLOT 
FOR LOCATION SWRB 40020 (STORMWATER RETENTION BASIN OVERFLOW) 

FOR CROSS-MEDIA IMPACT EVALUATION 



~~ 

40 

35 

30 

n 

$ 25. 
5. 

E 
0 

W 

= 20 E 

'0 15 
0 

c, 
E 
Q) 
0 

10 

5 

0 

I 

\ 

The Operable Unit 5 Record of Decision established a 
monthly discharge limit of 20 pg/L for total uranium. 

17.7 18.5 18.2 18.4 17.6 

15.9 
14.2 13.8 

1/99 2/99 3/9ga 4/99 5/99 6/99 7/99 8/99 9/99 10/99 11/99 12/99 

Sample Date (monthlyear) 
a 

Actual concentration was 19.4 pg/L. Eliminating the three "treatment plant maintenance" bypass days reduces average to 18.5 pglL. 

FIGURE B.l-9. 1999 MONTHLY AVERAGE TOTAL URANIUM CONCENTRATION IN WATER FINAL 
DISCHARGED FROM T,HE PARSHALL FLUME (PF 4001) TO THE GREAT MIAMI RIVER 



I. 

1 
F 

-. ' 1352400 
' 

1351200 1346408 1347600 1350000 1345200 

483600 

482400 

481280 

478888 

477608 

476400 

475200 

LEG 

+ 

l! 

C 

+ 

. .- . -- ..I - 
CONTROLLED MEANS WATER I S  COLLECTED 
AND SENT FOR TREATMENT AT THE AWWT. 

;,$;:;;j..',;; .....,:.....I., _. W A T ER TREAT ED I F  T 0 T A L  
,5;s ;c>&zy E] URANIUM RESULT 1s >20 pg/L 

FEMP BOUNDARY - - - -  

r A  CONTROLLED AREA 

\ FLOW DIRECTION, 
UNCONTROLLED RUNOFF 

FIGURE B. 1-10. CONTROLLED SURFACE WATER AREAS AN : t~0369 
UNCONTROLLED FLOW D I R E C T I O N S  FOR FOURTH QUARTER 199 ?2 



ATTACHMENT B.2 

SEDIMENT 



FEMP-ISER-99-FINAL, 
Appendix B, Att. 2, Revision 0 

June 2000 

0 ATTACHMENT B.2 
30 04 

Sediment is a secondary exposure pathway and is monitored annually to assess the impact of remediation 

activities on sediments deposited along s d a c e  water draiiiages; Sediment is-collected at strategic 

locations to ensure that the most recently deposited sediment is collected. Sediment collected in 1999 

marked the second year for implementing the sediment-monitoring program contained in the IEMP. 

Sediment samples were collected in August of 1999 at 16 locations along Paddys Run, the Storm Sewer 

Outfall Ditch, and the Great Miami River (refer to Figure B.2-1). Samples collected at each location 

were analyzed for total uranium. All samples collected from the Storm Sewer Outfall Ditch, Paddys Run 

north and south of the outfall ditch, and from the Paddys Run background location were also analyzed for 

radium-226, radium-228, and isotopic thorium. Per the EMP, Revision 1, the monitoring program was 

revised to eliminate four of the 20 monitoring locations based on a nine-year trend of sediment data that 
are near or equivalent to background concentrations for the contaminants. 

Table B.2-1 summarizes the results of the 1999 sediment monitoring program. Analytical results of 

samples collected from the Storm Sewer Outfall Ditch, Paddys Run, and the Great Miami River from 

1999 were below the FRL for all of the constituents (total uranium, isotopic thorium, radium-226, and 

radium-228). On average, there was a siighi increase iii a!! consftue~~ts at the Paddys Run North and 
Storm Sewer Outfall Ditch locations, while average total uranium concentrations increased at all of the 

monitored locations. However, all results are within the range of historical background levels. 

Figures B.2-2 through B.2-6 present sediment data trends. Monitoring of sediment will continue with the 

IEMP to determine the effectiveness of the engmeered controls designed to reduce erosion from the 
FEMP and sedimentation of Paddys Run and its tributaries. 

' 
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1. 0 0 TABLE B.2-1 

Ez CJ SUMMARY STATISTICS FOR SEDIMENT MONITORING PROGRAM 

5 

g Y.-, =I 4 
P1 
P Q  

\ I  " I  

No. of Maximum'D*' Averagego" 
Radionuclide Samplesn pCi/g (m&g) p Ci/g (mg/kg) p Cilg (mgkg) 
Great Miami River. North of the Effluent Line - 
Uranium, Total 1 1.30 (1.92) NA NA NA N A  
Great Miami River, South of the Effluent Llne 
Uranium, Total I 2.51 (3.72) NA NA NA NA 
Paddys Run Background, North of S.R. 126 
Radium-226 1 0.494 NA NA NA NA NA 
Radium-228 1 0.416 NA NA 
Thorium-228 , 1 0.426 NA NA 
Thorium-230 1 0.461 NA NA 
Thorium-232 1 0.364 ' NA NA 
1 Imniiim. Tntal 1 0.824 11.22) NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA' 
NA 
NA 
NA 

Paddys Run,North of the Storm Sewer Outfall Ditch 
Radium-226 5 0.612 NA 0.889 
Radium-228 5 0.478 NA 0.655 
Thorium-228 5 0.295 NA 0.704 
Thorium-230 5 0.548 NA 1.22 
Thorium-232 5 0.277 NA 0.604 

NA 
NA 
NA 
NA 
NA 

0.745 
0.602 
0.511 
0.842 
0.458 

NA 
NA 
NA 
NA 
NA 

Uranium, Total 5 0.939 (1.39) 2.01 (2.98) 1.48 (2.19) 
Storm Sewer Outfall Ditch 
Radium-226 5 0.538 NA 0.932 NA 0.7548 NA 
Radium-228 5 0.339 NA 0.813 NA 0.614 NA 
Thorium-228 5 0.426 NA 0.773 NA 0.615 NA 
Thorium-230 5 0.595 NA 0.959 NA 0.929 NA 
Thorium-232 5 0.294 NA 0.674 NA 0.479 NA 
Uranium, Total 5 1.51 (2.24) 4.49 (6.65) 2.75 (4.07) 
Paddys Run, South of the Storm Sewer Outfall Ditch 
Radium-226 1 0.645 NA NA NA NA NA 
Radium-228 1 0.582 NA NA NA NA N A '  
Thorium-228 1 0.347 NA NA NA NA NA 
Thorium-230 1 0.675 NA NA NA NA NA 
Thorium-232 1 0.352 NA NA NA NA NA 
Uranium, Total 3 1.03 (1.53) 1.45 (2.15) 1.26 (1.87) 

FRLs mpllkg pCi/g 
Radium-226 2.9 . 
Radium-228 4.8 
Thorium-228 3.2 
Thorium-230 18,000 
Thorium-232 1.6 
Uranium, Total 210 

NO. of Minimum''S' Average'"' 
Samplesn pCi/g (mgntg) p Cilg (mg/kg) p Cilg (mg/kg) 

1 0.70 (1.04) NA NA NA NA 

3 0.46 (0.65) 1.13 (1.7) 0.83 (1.2) 

1 0.57 NA NA NA NA NA 
N S  

I '  
1 

. I  
I 

N S  
0.36 
0.48 
0.42 
0.78 

5 
N S  
5 
5 
5 

0.40 
NS 

0.33 
0.28 
0.24 

NS 
NA 
NA 
NA 

(1 4 

NA 
N S  
NA 
NA 
NA 

NS 
NA 
NA 
NA 
NA 

N S  
NA 
NA 
NA 
NA 

NS 
NA 
NA 
NA 
NA 

0.52 
NS 

0.37 
0.67 
0.45 

NA 
NS 
NA 
NA 
NA 

0.47 
NS 

0.34 
0.54 
0.35 

NS 
NA 
NA 
NA 
NA 

NA 
NS 
NA 
NA 
NA 

- 

5 0.66 (0.97) 1.26 (1.9) 0.89 (1.3) 

5 0.46 NA 0.52 NA . 0.48 NA 
NS N S  NS NS NS NS NS 
5 0.24 NA 0.39 NA . 0.30 NA 
5 0.49 NA 0.85 . NA 0.64 NA 
5 0.22 NA 0.41 NA 0.29 NA 
5 1.04 11.5) 1.71 (2.5) 1.33 (2.0) 

NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 
NA NA NA NA NA NA NA 

5 0.67 (0.99) 1.16 (1.7) 0.88 (1.3) 

alf more than one sample is collected per sample location (e.& split or duplicate), then only one sample is counted for the number of samples, and the sample 
with the maximum concentration is used for determining the summary statistics (minimum, maximum, and average). 

to IWO, then the minimum and maximum are reported. If the number of samples is equal to one, then the result is reported as the minimum. 
If the number of samples is greater than or equal to three, then the minimum, maximum, and average are reported. If the number of samples is equal b 

-1 

1990 - 1997 Results :-'.. 
Minimum'"' Maximum"o" 

f i / g  (mgkg) p Ci/g (mg/kg) 

0.50 (0.74) 1.8 12.7) 

0.30 (0.44) 2.6 (3.8) 

0.00 NA 1.4 NA 
NS N S  NS N S  
0.15 NA 1.2 NA 
0.22 NA 1.9 NA 
0.15 NA 1.1  NA 
0.41 (0.61) 2.8 (4.1) 

0.00 NA 3.7 NA 
NS NS NS NS 
0.25 NA 5.1 NA 
0.08 NA 9.8 NA 
0.19 NA 5.4 NA 
0.55 (0.81) 8.7 (13) 

0.00 NA 1.4 NA 
N S  NS NS N S  
0.05 NA 1.9 NA 
0.02 NA'  4.0 NA 
0.0 I NA 2.1 NA 
0.41 (0.61) 16 (23) 

NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
NA NA NA NA 
0.55 (0.81) 30 (44) 
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Note: The sediment BTV for radium-226 is 580,000 pCi/g. 

\ 

~ ~~~~~ 

The sediment FRL for radium-226 is 2.9 pCi/g. 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
Sample Date (year) 

+Great Miami River South 
+ Storm Sewer Outfall Ditch +- Paddys Run (Background) 

-e Paddys Run North + Paddys Run South 

FIGURE B.2-2. RADIUM-226 CONCENTRATION 
VS. TIME PLOT FOR SEDIMENT 
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Note: The sediment B W  for thorium-228 is 4,900,000 pCi/g. 

The sediment FRL for thorium-228 is 3.2 pCi/g. 
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Sample Date (year) 

~ ~~ 

-E Great Miami River South +- Paddys Run North +Paddys Run South , 
+Storm Sewer Outfall Ditch + Paddys Run (Background) 

FIGURE B.2-3. THORIUM-228 CONCENTRATION 
VS. TIME PLOT FOR SEDIMENT 



Note: The sediment FRL for thorium-230 is 18,000 pCi/g and the BTV is 29,000,000 pCi/g. 
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FIGURE B.2-4. THORIUM-230 CONCENTRATION 
VS. TIME PLOT FOR SEDIMENT 



Note: The sediment BTV for thorium-232 is 8,000,000 pCi/g. 

The sediment FRL for thorium-232 is 1.6 pCi/g. 
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FIGURE B.2-5. THORIUM-232 CONCENTRATION 
VS. TIME PLOT FOR SEDIMENT 
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Note: The sediment FRL for total uranium is 210 mglkg. 
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FIGURE B.2-6. TOTAL URANIUM CONCENTRATION 
VS. TIME PLOT FOR SEDIMENT 
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APPENDIX C 

- -  - 
Appendix C presents additional air monitoring data &d analysis in support of Chapter 5 of the 

1999 Integrated Site Environmental Report. This appendix consists of four attachments as follows: 

0 Attachment C. 1 provides the results of the radiological air particulate monitoring program, 
including an assessment of 1999 results with respect to historical data, and provides 
concentration versus time plots of the total uranium and total particulate data for 1999. 

0 Attachment C.2 provides the results of the radon monitoring program, including an 
assessment of radon data relative to continuous radon monitors. This discussion focuses 
on the U.S. Department of Energy (DOE) standards contained in DOE Order 5400.5 and 
an evaluation of trends observed in the 1999 data. 

0 Attachment C.3 provides the results of the direct radiation monitoring program including 
an assessment of 1999 results with respect to historical data. 

0 Attachment C.4 provides a summary of the meteorological data measured at the site 
. 

during 1999. 
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ATTACHMENTC.1 . 

Appendix C.l provides a detailed discussion of the radiological air particulate data for 1999. This 

- -information-is used-to-measure -the-emissions-of-uranium, thorium;-and-radium from-the-Fernald- -- - -- - - - 

Environmental Monitoring Project (FEMP), 

In 1999 the FEMP operated 20 air monitoring stations (AMs) 24 hours per day, seven days a week, as 

part of the Integrated Environmental Monitoring Plan (IEMP) Radioloacal Air Particulate Monitoring 

Program. The data from 16 fenceline monitoring stations and two background monitoring stations are 

used to demonstrate compliance with National Emissions Standards for Hazardous Air Pollutants 

Subpart H, and data from two project-specific air monitoring stations (WPTH-1 and WPTH-2) are used 

to track thorium emissions from the excavation of the waste pits. Figure C.l-1 provides the location of 

EMF' air particulate monitoring stations during 1999. 

. Additional project-specific air monitoring, which is not part of the IEMP program, was conducted for the 

dismantlement of the former sewage treatment plant complex during 1999. This monitoring was 

conducted under the Sewage Treatment Plant Complex Implementation Plan for Decontamination and 

Dismantlement (DOE 1998). During early 1999, the STP-1 monitor was located south of the sewage 

treatment plant complex. In May 1999, the STP-1 monitor was relocated to the FEMP fenceline and 

designated as STP-2. The relocation was necessary in order to accommodate the below-grade excavation 

of the sewage treatment plant complex. The sewage treatment plant complex excavation, 

decontamination and dismantlement work was completed on October 15, 1999. Figure C.l-1 provides 

the location of the STP-1 and STP-2 air monitoring stations during 1999. 

Table C.l-1 provides an operational summary for the IEMP air monitoring stations in 1999. On average, 

the fenceline air monitors operated 98.5 percent of the time, and all monitors exceeded 95 percent 

operational time for the year. Routine maintenance and filter exchange combined with periodic electrical 

outages and equipment malfunctions create short periods of down time for each monitor throughout the 

year that result in operation times of less than 100 percent. In addition to these short periods of routine 

down time, several air monitors (AMs-7, AMs-27, WPTH-2, and AMs-6) along the western fenceline 

were down for longer periods due to vandalism. During the repair and replacement work, the air 

monitors were temporarily out of service resulting in a reduced number of operational hours, particularly 

at AMs-7. 
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Air filters were exchanged every two weeks at all the monitoring locations during 1999. The 

16 fenceline monitors and two background monitors were analyzed for total uranium and total 

particulate. An aliquot of the 16 fenceline and two background filters was maintained to provide a 

quarterly composite sample to be analyzed for isotopes of uranium, thorium, and radium-226. 

Table C.1-2 summarizes the results of the biweekly total uranium analyses. Table C.l-3 summarizes 

results from the biweekly total particulate monitoring. Figures C. 1-2 through C. 1-1 9 provide graphical 

information on the total uranium and total particulate concentrations measured at each monitor during 

,1999. 

The total uranium and particulate results for air monitoring in 1999 were generally consistent with the 

1998 data and historical ranges. Temporary increases in total uranium and total particulate 

concentrations were observed along the eastern fenceline in August, September, and early October. 

These temporary increases, which are particularly evident at AMs-3, AMS-8AY and AMS-gC, are 

attributed to heightened levels of construction activities at the on-site disposal facility during this period. 

Table C. 1 4  presents the annual average radionuclide concentrations calculated fiom the quarterly 

composite sample data. The results indicate the radionuclide concentrations are well below the DOE 

guidelines. 

All air monitoring data are reviewed and evaluated according to criteria established in the IEMP. The 

data review focuses on tracking and trending data compared with historical data. Data evaluation 

includes a review of the quality control measures utilized in the analysis of the samples. As a result of 

this data evaluation process, some 1999 quarterly composite data were rejected or unavailable as 

explained below: 

0 During the first quarter of 1999, low thorium tracer recovery lead to the rejection of 
thorium data (thorium-228, thorium-230, and thorium-232) from A M S - 4 ,  AMs-22, 
AMs-24, and the two background monitors AMs-12 and AMs-16. In order to account 
for background concentrations of thorium, first quarter 1998 thorium data fiom AMs-1 2 
and AMs-16 were substituted for the rejected 1999 background thorium data. 

First quarter 1999 radium-226 data from all monitors were rejected because the chemical 
recoveries were outside the detectors’ calibrated range of recoveries. In order to account 
for radium-226 concentrations at all of the monitors, first quarter 1998 radium-226 data 

0 

were substituted for the rejected first quarter 1999 data. 

Second quarter 1999 data also encountered low thorium tracer recoveries. During 0 

Qooz &c re-analysis, thorium recoveries improved, but an interference with thorium-228 results 
was observed at four monitoring stations (AMs-12, AMs-16, AMs-24, and AMs-25). 

, I E M P - ~ ~ 1 9 9 9 W P E N D D P - C V E C ~ C I  m y  23.2000 1240PM c. 1-2 .. 
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This lead to the rejection of thorium-228 results from two fenceline and two background 
locations. In order to account for thorium-228 concentrations, thorium-228 was assumed 
to be in equilibrium with its parent, thorium-232. This assumption is supported by the 
thorium-228/thorium-232 equilibrium conditions that occur at the other fenceline 
monitors during . - -  the second quarter. 

e During the third quarter of 1999, a portion of the composite sample for AMs-23 leaked 
during transport. While none of the sample escaped the shipping container, the leaked 
sample volume could not be recovered for analysis. As a result, there was insufficient 
sample volume available for the complete quarterly analyses. Therefore, the available 
sample was analyzed for uranium and thorium isotopes and no analysis for radium-226 
was performed. 

e During the fourth quarter of 1999, low radium tracer recovery lead to the rejection of the 
radium-226 result fi-om AMs-28. 

In an effort to improve data recovery and completeness, a new off-site (contract) laboratory is being used 

for the analysis of the quarterly composite air samples in 2000. 

The WPTH-1 and WPTH-2 filters were analyzed for isotopic thorium (thorium-228, thorium-230, and 

thorium-232). Table C.l-5 summarizes the results of the biweekly isotopic thorium analyses. 

Figures C. 1-20 and C. 1-2 1 provide graphical information on the measured isotopic thorium 

concentrations. During 1999, the thorium-230 concentrations measured at WPTH-1 and WPTH-2 

increased in September with the start of waste pit excavation. As expected, slightly elevated levels of 

thorium-230 were measured through December 1999 and some of the increased concentrations are 

attributed to the increase in material handling associated with the start-up of the Waste Pits Remedial 

. 

Action Project (WPRAP) dryers in late December. These types of increases can be expected when 

large-scale remediation projects such as the excavation of the waste pits begin operations. Although the 

higher thorium-230 concentrations were measurable at the site fenceline, the annual average thorium-230 

concentration at WPTH-1 and WPTH-2 remained below one percent of the DOE-derived concentration 

guide value for thorium-230. The elevated levels of thorium-230 concentrations at WPTH-1 and 

WPTH-2 were short-lived. During the first quarter of 2000, thorium-230 concentrations decreased to 

levels that were comparable to concentrations measured prior to the material handling operations 

associated with the start-up of the waste pit dryers. During the course of the waste pit excavation, 

thorium-230 concentrations continue to be monitored and the data provided to the remediation projects to 

\ 

ensure that emission controls are operating as expected. 0 
’ i :. a: .; I. 
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Airborne concentrations of thorium-228 and thorium-232 measured at WPTH-1 and WPTH-2 were 

comparable to background concentrations throughout 1999. This fenceline data reflect the fact that, in 

comparison to thorium-230, the concentrations of thorium-228 and thorium-232 in the waste pit material 

are relatively low. WRAP operations are not expected to significantly impact the fenceline 

concentrations of thorium-228 and thorium-232. 

The STP-1 and STP-2 monitors were analyzed biweekly for total uranium and total particulate 

concentrations. Increases in particulate and total uranium concentrations were detected at the STP-2 

location during August, September, and early October. These temporary increases were due to the 

demolition and excavation activity associated with the former sewage treatment plant complex. The 

STP-2 project monitor remained in place until all excavation activities were completed. Table C. 1-2 

presents the results of the biweekly total uranium analyses. Table C.1-3 presents the results from the 

biweekly total particulate analyses. Figures C.1-22 and C.1-23 provide graphical information on the total 

uranium and total particulate concentrations measured at the STP-1 and STP-2 monitors, respectively. 

0 Evaluation of Isotopic Dose Contributions from FEW Airborne Emissions 

Historically, uranium is the major contributor to the air inhalation dose from FEMP emissions. Uranium 

typically contributes greater than 62 percent of the effective dose equivalent based on an evaluation of 

monitoring results from 1990 through 1998 (post production era). In 1999 uranium isotopes 

(uranium-234, uranium-235/236, and uranium-238) contributed an average of 45 percent of the dose at 

the fenceline, while radium-226 contributed an average of 16 percent, and thorium isotopes 

(thorium-228, thorium-230, and thonum-232) contributed an average of 39 percent. Although the dose 

contribution from uranium in 1999 was less than most historical values, uranium is still the major 

contributor to dose, particularly at the fenceline locations where the maximum annual dose occurs. 

Figures C. 1-24 through C. 1-26 illustrate the percentage contribution to dose from uranium, thorium, and 

radium-226 at each fenceline and background monitor. In order to improve the presentation of 

information and to focus on the primary contributors (uranium, thorium, and radium) to dose, only these 

contributions are shown in Figures C. 1-24 through C. 1-26. Contributions from radionuclides, which are 

assumed to be in equilibrium with their parent radionuclides, were not included in the figures. At all 

fenceline locations, the contribution from radionuclides assumed to be in equilibrium with their parent 

radionuclides was less than 10 percent of the dose from airborne emissions. 

When compared to 1998, when uranium isotopes contributed on average 76 percent of dose at the 

epeeline, the average percentage contribution from uranium isotopes in 1999 (45 percent) is 0002&J 
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significantly lower. There are three factors that account for the decreasing percentage of dose from 

uranium in 1999. 
0 

The first factor, discussed earlier, is that the off-site laboratoryexperienced - difficulties during the 

thorium analysis that may have contributed to unusually high thorium results. Specifically, the 

laboratory encountered recurring interference during the thorium analysis resulting in low tracer 

recoveries. In adjusting the data for the low tracer recoveries, the thorium results may have been biased 

high, especially the thorium-230 results. The high bias in thorium results would contribute to the higher 

than expected dose from thorium isotopes in 1999 and serve to decrease the percentage of dose from 

uranium. , 

The second factor contributing to the decrease in the percentage of dose fiom uranium is attributed to 

continuing remediation of the site, and its effect on the composition of air emissions. As 

uranium-contaminated buildings are dismantled, and soil contamination areas are excavated, the amount 

of exposed uranium contaminated debris and soil is gradually decreasing. Because uranium is the 

principle contaminant in these buildings and soil areas, the amount of uranium contained in the wind 

blown soil is decreasing. Gradually, it is anticipated that the wind blown soil from the site will begin to 

resemble the isotopic c m ~ p s i t i ~ i i  d t l ic  WinaDiown soil measured at the background monitors. Thus, 

the dose contribution from uranium at the fenceline monitors should be similar to the dose contribution 

from uranium at the background stations. In 1999 the uranium contributed an average of 14 percent of 

0 
\ 

, the dose at the background monitors. 

The third factor contributing to the decreasing percentage of dose from uranium in 1999 is the excavation 

of the waste pits and the increase in material handling associated with the start-up of the WRAP dryers 

in late December. As noted earlier, the waste pit materials contain comparatively high levels of ’ 

thorium-230. Moreover, fugtive emissions from the excavation and handling of the pit materials are 

measurable at the site fenceline. Although the excavation of the waste pits did not begin until 

September 1999, pit emissions did contribute a small fraction of the annual dose measured at the site 

fenceline. As the WRAP project progresses, pit emissions are expected to contribute a larger fraction 

of the annual fenceline dose and, in turn, increase the percentage dose fiom thorium-230. 

The three highest fenceline doses were reported at AMs-3, AMS-8AY and AMs-9C (0.29,0.25, and 

0.21 millirem [mrem], respectively). Based on wind patterns in 1999, and the location of remediation 

activities, these monitoring locations are positioned downwind of most remediation activities which> . ’. . I’ \E 1 :  . p 
IEMP-ANMI999WPENDD(\ApP~TECH\CI ~ y 2 3 , 2 0 0 0  1240PM C. 1-5 
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occurred in 1999. The average uranium contribution fiom these three monitors was 57 percent. Thorium 

represents 18 percent, radium-226 represents 25 percent, and the remainder of the isotopes represent less 

than one percent of the dose contribution. Because uranium continues to be the major contributor to dose 

fiom FEMP airborne emissions, particularly at the fenceline location where the highest dose occurs, 

biweekly uranium measurements remain an effective indicator of air emission patterns at the FEW. The 

biweekly tracking will continue to be reported in IEMP quarterly status reports. 

\ 

, 
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TABLE C.1-1 

OPERATIONAL SUMMARY FOR AIR PARTICULATE MONITORING STATIONS IN 1999 

Number of Sample _Last Sample - Operating - Percent- 
- -Location * S-imples Start Date Collection Date Time (hours)" of Operation 

Fenceline 
AMs-2 26 12/29/98 12/28/99 8675.0 99.3 
A M s 3  26 12/29/98 12/28/99 8648.7 99.0 
AMS-4 26 12/29/98 12/28/99 8573.6 98.1 
AMs-5 26 12/29/98 12/28/99 8718.6 99.8 
AMs-6 26 12/29/98 12/29/99 8587.6 98.0 
AMs-7 26 12/29/98 12/28/99 8430.3 96.5 
AMS-8A 26 12/29/98 12/28/99 8615.5 98.6 
AMs-9c 26 12/29/98 12/28/99 8541.1 97.8 
AMs-22 26 12/29/98 12/28/99 8580.8 98.2 
AMs-23 26 12/29/98 12/28/99 863 1.9 98.8 
AMs-24 26 12/29/98 12/29/99 8685.6 99.2 
AMs-25 26 1 2/29/98 12/29/99 8582.8 98.0 
AMs-26 26 12/29/98 12/29/99 8643.5 98.7 
AMs-27 26 12/29/98 12/29/99 8611.4 98.3 
AMs-28 26 12/29/98 12/28/99 8728.6 99.9 
AMs-29 26 12/29/98 12/28/99 8628.6 98.8 
Background 
AMs-12 26 12/29/98 12/28/99 8726.7 99.9 
AMs-16 26 1 2/29/98 12/28/99 8459.9 96.8 
Project Specific 
STP- 1 11 12/29/98 6/1/99 3423.0 97.0 
STP-2 16 5/25/99 12/28/99 5095.0 97.8 
WPTH- 1 26 12/29/98 12/28/99 8701 .O 99.6 
WPTH-2 26 12/29/98 12/28/99 8592.0 98.4 

"8736 available operating hours fromDecember 29. 1998 through December 28, 1999; 8760 available operating 
hours from December 29, 1998 through December 29, 1999; 3528 available operating hours from 
December 29, 1998 through June 1,1999; and 5208 available operating hours from May 25, 1999 through 
December 28, 1999 ' 



0 TABLE C.1-2 8 
(3 
CJ a 

TOTAL URANIUM PARTICULATE CONCENTRATIONS IN AIR 

Summary of 1999 Resultsb 
(pCi/m3 x 1E-06) 

Summary of 1998 ResultsbL 
(pCi/m3 x 1 E-06) 

1990 through 1997 Summary Resultsbnsd 
@Ci/m3 x 1 E-06) 

4 V’ 

No. of No. of 
Locationa Samples Min. Max. Avg. Samples Min. Max. Avg. Min. Max. 

Fenceline 
AMs-2 25 9.5 269 57 26 I I  I68 62 0 3500 
AMs-3 26 12 585 146 26 27 760 202 0 17000 
AMS-4 26 0 I09 29 . 26 7.7 78 32 0 2300 
AMs-5 26 0 72 25 26 0 118 42 0 4400 
AMS-6 26 3.2 453 55 26 2.7 235 47 0 3200 
AMS-7 26 0 83 24 26 2.4 105 36 0 7800 
AMs-8A 26 0 1135 130 26 7.9 338 116 0 900 
AMs-9Ce 26 9.2 409 I02 26 5.7 562 129 0 43 I 
AMS-22 26 0 89 35 26 3 .O 101 34 0 29 
AMS-23 26 0 202 49 26 9.0 194 44 9.8 53 
AMS-24 26 0 112 24 26 0 65 28 106 NA 
AMS-25 26 0 402 33 26 0 79 30 67 30 
AMs-26 26 0 171 31 26 0 98 40 0 41 
AMs-27 26 0 101 30 25‘ 5.3 64 31 0 30 
AMS-28 26 0 445 40 26 2.6 216 30 0 29 
AMs-29 26 0 199 41 26 2.6 121 45 0 76 
Background 
AMS- 12 26 0 L 45 8.1 26 0 107 14 0 29 
AMs-16 26 0 37 16 26 0 35 18 0 106 
Project-Specific 
STP-ISh I1 20 143 56 14 38 891 301 NA NA 
STP-2h 16 5.4 380 181 NA NA NA NA NA NA 

‘Refer to Figure C.1-1 for sample locations 
bFor blank corrected concentrations less than or equal to 0.0 pCi/,m3, the concentration is set at 0.0 pCi/m3. 
>A = not applicable . 
If the total number of samples is equal to one, then the data point is reported as the minimum. 

‘Summary results for 1990 through 1997 include AMS3B/C data. 
fOne data point was not obtained due to a damaged filter. 
‘Project-specific monitor was not in operaton prior to 1998. 
hSTP-l was relocated to STP-2 on May 25, 1999. 
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TABLE C.1-3 

TOTAL PARTICULATE CONCENTRATIONS IN AIR 

- 1990 through 1997 
S- of 199FResults Skrunary of 1998 F&ultsb Summary Results4' 

(pg/m3) (pe/m3) (pg/m3) 
Location' No. ofSamples Min. Max. Avg. No. ofSamples Min. Max. Avg. Min. Max. 
Fenceline 

AMS-2 
AMs3 
AMs4 
AMSJ 
AMS-6 
AMS-7 
AMS-8A 
AMS-9C' 
AMS-22 
AMS-23 
AMS-24 
AMS-25 
AMS-26 
AMS-27 
AMS-28 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 , 

26 

11 

19 
18 
18 
19 
20 
20 
19 
16 

'18 
13 
17 
19 
16 
15 

69 
83 
74 
45 
48 
84 
63 
66 
53 
57 
57 
45 
52 
92 
51 

34 
37 
38 
29 
32 
34 
37 
38 
37 
30 
38 
31 
31 
50 
28 

25d 
26 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

14 
13 
16 
9.6 
16 
6.8 
13 
15 
13 
15 
18 
21 
15 
24 
12 

49 
52 
79 
54 
54 
60 
64 
65 
57 
51 
79 
69 
51 
86 
49 

30 7 
32 8.  
37 13 
30 I 1  
33 8 
33 13 
34 18 
36 7.1 
34 21 
30 22 
42 74 
40 26 
31 20 
46 33 
28 16 

77 
159 
69 
62 
69 
76 
89 
136 
30 
28 
NA 
40 
23 
49 
30 

26 IU 52 33 26 11 62 32 19 30 - -  . . .m -.-. 
XIV13-LY 

Background 
AMS-IZf 26 16 48 29 26 12 47 28 6 416 
AMS- 16' 26 26 61 44 26 18 84 50 22 79 

Project-Specific 
STp-lgh 11 21 54 31 14 25 93 43 NA NA 
STP-2h 16 19 72 43 NA NA NA NA NA NA 

'Refer to Figure C. 1 - 1 for sample locations 
%A = not applicable 
'If the total number of samples is equal to one, then the data point is reported as the minimum. 

'Summary results for 1990 through 1997 include AMS-9BIC data. 
'Total particulate analysis was discontinued during 1994 and was reinstated for AMS-12 and AMS-16 in 1997. 
Project-specific monitor was not in operation prior to 1998. 
%TP-1 was relocated to STP-2 on May 25, 1999. 

data point was not obtained due to a damaged filter. 



TABLE C.1-4 

RADIONUCLIDES IN AIR DURING 1999 

2 
~ r o s s  Concentrations (pci/m3) 

Uranium-235/ 
h a t i o n '  Uranium-238 Uranium-234 Uranium-236 Thorium-228 Thorium-230 Thorium-232 Radium-226b Thorium-234' Radium-22gc Actinium-228' Radium-224c Thorium-231' 

. Fencellne 
AMs-2 3.8845 3.3845 1.3E-06 8.2E-06 I XE-05 8.0E-06 . 3.28-05 3.8E-05 8.0E-06 8.0E-06 8.0E-06 1.3E-06 

AMs-3 ' 7. I E 4 5  6.8E-05 ' 2.8846 7.6E-06 ' 2.0E-05 7.4846 4.6845 7.1 E 4 5  7.48-06 7.48-06 7.48-06 2.8846 

AMS-4 3.0845 2.5E-05 8. I E 4 7  2.4845 1.8E-05 8.38-06 2.2E-05 3.OE-05 8.3846 8.3846 8.3846 8.IE-07 

AMs-5 I .9E-05 1.7E-05 3.5E-07 4.58-06, 1.5E-05. 5.3846 I.5E-05 1.9E-05 5.3E-06 5.38-06 5.3E-06 3.5847 

AMs-7 2.0E-05 I .6E-05 4.2E-07 3.88-06 l.IE-05 5.7E-06 1 .OE-05 2.OE-05 5.7E-06 5.7E-06 5.7E-06 4.2E-07 

AMs-8A 7.98-05 7.3845 3.6846 6.28-06 I .8M5 6.8846 3.2E-05 7.9845 6.88-06 6.8846 6.8846 3.68-06 

A M s 3 c  5.8E-05 5.28-05 2.28-06 7.0E-06 2.1 E 4 5  7.78-06 3.0E-05 5.8E-05 7.78-06 7.78-06 7.7846 2.28-06 

AMs-22 3. I E-05 2.2E-05 9.5E-07 6.5846 2.0E-05 6.8846 I .8E-05 3. I E 4 5  6.8846 6.88-06 6.8846 9.5E-07 

AMs-23 3.6E-05 3.1E-05 9.28-07 1.5E-06 1.3E-05 4.0E-06 ' 8.3E-05d 3.6E-05 4.0E-06 4.0E-06 4.0E-06 9.2847, 

AMs-24 2.0E-05 I .9E-05 8.4847 7.3E-06' I .7E-05 7.9846 3.3845 2.0E-05 7.9E-06 7.9E46 7.98-06 8.4847 

AMs-25 1.9E-05 1.3E-05 2.3E-07 2.6E-06' 1.4E-05 4.4E-06 1.2E-05 I .9E-05 4.4E-06 4.48-06 4.4846 2.3847 

AMs-26 2.4845 2.0845 9.0E-07 3.1E-06 2.5845 4.48-06 2. IE-05. 2.4E-05 4.4E-06 4.48-06 4.4846 9.0E-07 

AMs-27 2.3845 1.98-05 6.48-07 7.68-06 1.8E-05 8.0E-06 3.6845 2.3845 8.0E-06 8.0E-06 8.0E-06 6.4847 

AMs-28 2.5E-05 I .4E-05 4.98-07 4.6E-06 2.0E-05 4.58-06 7.88-06' 2.5E-05 4.58-06 4.5846 4.5E-06 4.98-07 

AMs-29 3.3845 2.78-05 I ,4846 9.3846 I .9E-05 6.2E-06 1.3E-05 3.3845 6.28-06 6.28-06 6.2846 I .4E-06 

Background 
AMS-I2 9.9846 I .OE-05 1.5E-07 3.6E-06'" 6.4E-06' 3.9E-06' 5.IE-06 9.98-06 3.98-06 3.9E-06 3.98-06 1.5E-07 
AMs-16 1.38-05 I .3E-05 3.7847 8.68-06''' 1.4E-05' 9.2E-06' 2.5E-05 I .3E-05 9.2E-06 9.28-06 9.28-06 3.78-07 
D C G ~  I .OE-O I 9.0E-02 1 .OE-O I 4.0842 4.0E-02 7.0E-03 I.OE+OO 4.0E+02 3.OE+OO 4.OE+OI 4.OE+00 I .OE+04 

AMs-6 3.48-05 2.1 E-05 9.0E-07 3.58-06 2.2845 5.4846 1.9E-05 3.4845 5.4846 5.48-06 5.48-06 9.08-07 

'Refer to Figure C. 1-1 for sample locations 
bFirst quarter 1999 radium-226 data were rejected and substituted with first quarter 1998 radium-226 data. 
'Denotes isotopes assumed to be in equilibrium with their parents 
%ird quarter 1999 radium-226 results were not available due to insufficient sample volume for analysis. 
'Second quarter 1999 thorium-228 data are assumed to be in equilibrium with second quarter 1999 thorium-232 data. 
'Fourth quarter 1999 radium-226 data were rejected. 
BFirst quarter 1999 thorium data were rejected and substituted with first quarter 1998 thorium data. 
hDerived concentration guidelines for air (pCilmL * 1.OE+12 pCi/m') from DOE Order 5400.5, Radiation Protection of the Public and the Environment, February 1990. 
Continuous inhalation ofthis concentration for one year will result in a committed effective dose equivalent of 100 mrem (ImSv). 

, 
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TABLE C.1-5 

ISOTOPIC THORIUM CONCENTRATIONS IN AJR 

Summary of 1999 Results Project History to Dated 
- (pci/m?) - (pcl/m3) 

- - -  
Locationa No. of No. of 

Isotope Samplesb Min.' Max. Avg. Samplesb3' Min.c Max. Avg. 
WPTH-1 . 

Thorium-228 25 0 . OE+OO 
Thorium-230 25 O.OE+OO 
Thorium-232 25 O.OE+OO 

WPTH-2 
Thorium-228 26 O.OE+OO 
Thorium-230 26 1.2E-06 
Thorium-232 26 O.OE+OO 

1.4E-05 5.3E-06 27 O.OE+OO 
8.3E-05 1.9E-05 27 0 . OE+OO 
1.2E-05 5.2E-06 27 O.OE+OO 

1.7E-05 8.4E-06 30 O.OE+OO 

1.7E-05 7.8E-06 30 O.OE+OO 
1.2E-04 2.4E-05 30 1.2E-06 

1.4E-05 5.3E-06 
8.3E-05 1.8E-05 
1.2E-05 5.1E-06 . , 

1.7E-05 7.8E-06 
1.2E-04 2.2E-05 
1.7E-05 7.4E-06 

'Refer to Figure C. 1 - 1 for sample locations 
bOne WPTH-1 filter was lost due to cross-contamination. 
'For blank corrected concentrations less than or equal to O.OE+OO pCi/m3, the concentration is set at O.OE+OO pCUm3 
dProject start date was November 3, 1998. 
qnitial start-up of WPTH-I was delayed for two sampling periods. 

a 
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0 ATTACHMENT C.2 

As discussed in Chapter 5 of the 1999 Integrated Site Environmental Report, the FEMP's radon 

monitoring program primarily focuses on assessing the effects of radon emissions from the 

K-65 Silos 1 and 2 on the surrounding environment. The radon data collected under the program are 

compared to the radon concentration standards contained in DOE Order 5400.5, Radiation Protection of 

the Public and the Environment. The pertinent standards and associated 1999 compliance status are 

provided below: 

- - _ .  - 

0 The DOE annual average limit at and beyond the facility fenceline is 3 picocuries per 

The DOE annual average limit over the facility is 30 pCi/L above background; this limit 

liter (pCdL) above background; there were no exceedances in 1999. 

0 

was not exceeded in 1999. 

0 The DOE limit measured at any point oyer the facility is 100 pCi/L; there were 
47 exceedances during 1999. 

Continuous monitors are used at the FEMP to determine compliance with these limits and track changes 

in radon concentrations. The following section summarizes the findings from the radon monitoring 

prngam for 1999. 
0 I 

Continuous Monitoring Results 

For 1999 the radon monitoring program operated 29 continuous environmental radon monitors for the 

entire year. The operational radon monitor run-time averaged approximately 97 percent for the 

29 monitors. The three percent down-time was associated with downloading of instrument data, 

interruptions due to extreme cold temperatures, power interruptions, andor routine maintenance 

activities. 
I 

Data from the,continuous environmental radon monitors are provided in this attachment in the following 

two formats: 

Table C.2-1 provides a detailed summary of 100 pCi/L exceedances. During 1999 there 
were 47 exceedances of the 100 pCi/L DOE limit. 

Figure C.2-1 identifies the location of continuous environmental radon monitoring 
locations in 1999. Figures C.2-2 through C.2-30 present the monthly average radon 
concentrations plotted over time for the 29 continuous environmental radon monitoring 
stations which operated throughout 1998 and 1999. The 3 pCi/L (fenceline and off site) 

4300423 
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and 30 pCi/L limits (on site) have been added as reference points to the appropriate 
graphs to assist in evaluating the data. The results for 1998 and 1999 have been corrected 
for instrument background. The practice of correcting measurements for instrument 
background was adopted by the F E W  in October 1997. 

0 Table C.2-2 provides a summary of monthly average radon concentrations for the 
continuous environmental radon monitoring stations. 

During the fourth quarter of 1999, there was a noticeable increase in the number of exceedances of the 

DOE Order 5400.5 100 pCiL radon limit recorded at the K-65 Silo exclusion fenceline. In response to 

the increasing radon concentrations in the vicinity of the K-65 Silos, DOE conducted detailed inspections 

of the silo domes using radiological survey instruments to pinpoint leak locations. As expected, leaks 

were found at the gasketed surfaces of man-way flanges, sounding ports, and other silo penetrations. 

Radon was also found to be leaking from the covered access ports that were cut into the center protective 

cap of each silo to allow for the bentonite installation. Over time the port covers have weathered, causing 

leakage at the seams. Short-term measures were taken to seal the port covers and lower silo emissions 

until a more permanent solution can be implemented. 

Although the long-ten5 solution for controlling radon emissions from the silos involves a radon control 

system related to the Accelerated Waste Retrieval Project, DOE decided to re-foam the areas on the 

domes where radon levels were high. Re-foaming activities were initiated in late May 1999 and were 

completed on June 4, 1999. Following the re-sealing of the silo domes, radon data from the K-65 Silo 

area has been closely monitored in order to gauge the effectiveness in reducing radon emissions. 

Comparing the 1999 and 1998 fourth quarter average radon concentrations at the KNE and KSE 

exclusion fence monitors (chosen because of prevailing wind directions) provides some measure of the 

effectiveness of the re-sealing activities. The fourth quarter 1999 combined average radon concentration 

for the KNE and KSE monitors was approximately 70 percent lower than the fourth quarter 1998 average, 

suggesting the re-sealing activities contributed to a substantial reduction in radon concentrations at the 

K-65 Silo area. 
I 

A review of meteorological data provides M e r  support for the effectiveness of the re-sealing activities. 

The number of strong inversion hours (as defined by a temperature gradient of greater than 1.5 degrees 

Celsius ["C] per 100 meters in elevation) recorded during fourth quarter 1999 was very similar to fourth 

quarter 1998 (987 hours in 1999 compared to 985 hours in 1998). However, approximately 20 percent 

more of the strongest " G  class inversion hours (temperature gradient of greater than 4°C per 100 meters 
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in elevation) were recorded for fourth quarter 1999. Given the larger and stronger inversions during the 

fourth quarter of 1999, radon concentrations at the K-65 exclusion fence monitors should have been 

greater during fourth quarter 1999 had the re-sealing activity been ineffective. 

As Table C.2-1 indicates, there were 47 exceedances of the 100 pCdL DOE limit measured on site during 

1999 compared with 24 in 1998 and five in 1997. As in past years, the exceedances were observed at 

monitoring locations adjacent to the K-65 Silos and occurred during periods of atmospheric inversions. 

Of the exceedances recorded during 1999, the first 35 occurred prior to the dome re-sealing activities. 

The remaining 12 exceedances occurred during the fourth quarter of 1999. Of these, a miijority occurred 

exclusively at the KNW monitor, in contrast to past years when most exceedances occurred at the 

KNE monitor. A review of activities occurring around the K-65 Silos indicated that the cause of the 

exceedances at the KNW monitor was related to the pumping of contaminated water from the 

K-65 Decant Sump, which collects contaminated water from the K-65 Silos. Because the pumping 

activities occurred during periods of strong inversions, radon emissions from the sump and the tanker 

were concentrated at relatively high levels on the western side of the K-65 Silos near the KNW monitor, 

and contributed to the exceedances. The increased radon concentrations at the KNW monitor were also 

attributable to relocating the monitor closer to the K-65 Silos, necessary due to road construction 

aciiviiieb IUI ule Ak,bGIblaCuu I. UULI I.-.uII .-- ' ' A _ - -  e-- A A --A1--m+d TXloate R ) ~ + r ; ~ ~ , ~ l  Wnippt 

In order to better monitor radon levels in the K-65 Silos area during the Accelerated Waste Retrieval 

Project, five radon monitoring locations will be added to the existing IEMP radon network in 2000. Four 

of the monitors will be located in the immediate vicinity of the silos and the fifth monitor will be located 

along the western fenceline of the FEW.  The data and specific locations of the additional radon 

monitors will be reported in future IEMP quarterly status reports and annual integrated site environmental 

reports. 



FEW-ISER-99-FINAL 
Appendix C, An. 2, Revision 0 

June 2000 

TABLE C.2-1 

1999 RADON CONCENTRATIONS 
100 pCi/L EXCEEDANCES AT THE K-65 SILOS 1 AND 2 EXCLUSION FENCE 

Exceedance Duration of Maximum Recorded 
Event Exceedance Hourly Radon Concentration Monitoring 
Start Date (hours) (Pew Locationsa 
111 1 1 192 KNE 
1/25 3 133 KNE 
1/26 1 103 KNE 
1/26 1 102 KNW 
213 3 237 KNE,KSE 
215 1 141 KNE 
216 4 23 1 KNE, KSE 
218 4 295 KNE, KSE 
2/14 3 207 KNE 
211 8 2 228 KNE 
2/26 2 188 KNE 
*2/26 3 175 KNE, KSE 
31 4 2 29 1 * K N E  
3/10 1 151 KNE 
3/15 6 379 KNE, KSE 
3/20 3 158 KNE 
3/20 7 171 KNE, KSE 
3/23 1 104 KNE 
3/24 3 174 KNE 
3/27 2 184 KNE 
3/27 4 183 KNE 
3/29 2 170 KNE, KSE 
3/30 7 256 KNE, KSE 
417 2 156 KNE, KSE 
412 1 1 109 KNE 
4/26 5 233 KNE 
513 5 181 KNE 
514 2 158 KNE 
518 1 108 KNE 
5/10 2 109 KNE 
5/12 6 177 KNE 
5/20 2 115 KNE 
5/23 1 129 KNE 
5/25 2 135 KNE 
5/27 1 107 KNE 
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TABLE C.2-1 
(Continued) 

Duration of Maximum Recorded 
Exceedance -Hourly Radon Concentration Monitoring 

Exceedance 
Event 
Start Date (hours) (Pew Locations" 
1 015 2 I12 KNE 
10/12 4 200 KNE 
10120 2 172 KNE 
10127 3 172 KNW 
10128 3 169 KNW 
10129 3 135 KNW 
1 013 1 6 318 KNW 

1117 1 101 KNW 
11/8 2 184 KNW 
11/21 1 115 KNW 
12/2 3 108 KNW 

* 1111 5 334 KNE, KSE, KhW 

%e location listed first had the highest recorded concentration. 

NOTE: IC-65 Decant Sump pumping activities occurred on October 13 through 15 and October 28 through 29. The 
tanker storing the water from the sump was stationed on the western side of the K-65 Silos near the KNW 
monitor from October 5 through November 4, 1999. 0 

a ,  
IEMP-ANM1999\APPENDIP~~TECH\C2.DOC\ 23.2000 IO: I3 AM C.2-5 
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TABLE C.2-2 

CONTINUOUS ENVIRONMENTAL RADON MONITORING 
MONTHLY AVERAGE CONCENTRATIONS' 

1999 Summary Results' 1998 Summary 
(Instrument Back ound Corrected) 

(P(3-L) 
(Instrument Back ound Corrected) 

@& 
Locationb Min. Max. Avg. Min. Max. Avg. 
Fenceline 
AMs-02 0.2 1 .o 0.5 0.2 0.7 0.4 
AMs-03' 0.1 1 .o 0.5 0.6 0.8 0.7 
AMs-04 0.1 0.8 0.4 0.1 0.7 0.4 

' AMs-05 0:2 1.4 0.7 0.2 1.3 0.6 
AMs-06 0.2 0.8 0.5 0.2 0.9 0.5 
AMs-07 0.3 1.5 0.8 0.2 1.5 0.7 
AMs-OSA' 0.1 0.8 0.4 0.8 NA NA 
AMs-09e 0.2 0.8 0.5 0.2 0.9 0.6 
AMs-229 0.1 0.5 0.3 0.2 0.7 0.4 
AMs-23' . 0.1 0.6 0.3 0.4 0.5 0.4 
AMs-24' 0.2 1.1 0.6 0.7 NA NA 
AMs-25' 0.2 0.8 0.5 0.6 NA NA 
AMs-26' 0.2 0.8 . o s  0.2 0.8 0.6 
AMs-27' 0.2 1.1 0.6 0.2 1.1 0.7 

0 
AMs-28' 0.1 0.8 0.4 0.4 . NA NA 
AMs-29' 0.1 0.8 0.4 0.7 NA NA 
Background 
AMs-I2 0.1 0.5 0.2 0.1 0.6 0.3 
AMs- 16 0.1 0.5 0.3 0.2 0.6 0.4 
On Site 
KNE 1.7 18.3 9.6 2.0 18.2 9.1 
KNW 2.1 8.2 3.8 1 .o 4.8 2.4 
KSE 1.2 9.9 4.9 2.4 16.9 8.3 
KSW 1.7 4.8 3.1 1.4 5.2 3.1 
KTOP 3.4 15.8 8.4 7.2 24.6 13.0 
Pilot Plant Warehouse 0.3 0.8 0.4 0.1 0.9 0.4 
Rally Point 4 0.5 1.3 0.8 0.2 1.3 0.7 
Surge Lagoon 0.4 1 .o 0.1 0.3 1.3 0.7 
n 8  1.1 3.8 2.2 0.9 2.8 1.8 
mb 0.2 0.9 0.5 NA NA NA 
WP-17A 0.1 1.1 0.6 0.2 0.9 0.5 

'Monthly average radon concentrations are calculated &om daily average concentrations. Daily average concentrations are 
calculated by summing all hourly count data, treating the sum as a single daily measurement, and then converting the sum to a 
(daily average) concentration. 
bRefer to Figure C.2-1 for sample locations 
CInsbument background changes as monitors are replaced. 
%A = not applicable 
eUnit was placed in service in August 1998. 
Unit was placed in service in December 1998. 

Wnit was placed in service in June 1998. 
hUnit was placed in service in January 1999. 

f 
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FIGURE C.2-3. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCEMTRATION FOR AMs-03 
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FIGURE C.2-4. 1998 AND 1999 MONTHLY AVERAGE 
. RADON CONCENTRATION FOR AMs-04 
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FIGURE C.2-5. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-05 
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FIGURE C.2-6. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-06 
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FIGURE C.2-7. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-07 
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FIGURE C.2-8. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-08A 
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FIGURE C.2-9. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-O9C 
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FIGURE C.2-IO. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-22 
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FIGURE C.2-11. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-23 
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FIGURE C.2-12. 1998 AND I999 MONTHLY AVERAGE 
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FIGURE C.2-13. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-25 
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FIGURE C.2-14. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-26 
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FIGURE C.2-15. 1998 AND 1999 MONTHLY AVERAGE 
.RADON CONCENTRATION FOR AMs-27 
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FIGURE C.2-16. 1998 AND 1999 MONTHLY AVERAGE 
. RADON CONCENTRATION 'FOR AMs-28 
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FIGURE C.2-17. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-29 
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FIGURE C.2-18. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-12 
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FIGURE C.2-19. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR AMs-1 6 
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FIGURE C.2-20. 1998 AND 1999 MONTHLY AVERAGE 
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FIGURE C.2-21. 1998 AND I999 MONTHLY AVERAGE 
RADON CONCEiNTRATlON FOR KNW w 
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FIGURE C.2-22. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR KSE 
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FIGURE C.2-23. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR KSW 
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FIGURE C.2-24. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR KTOP 
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FIGURE C.2-25. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR PILOT PLANT WAREHOUSE 
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FIGURE C.2-26. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR RALLY POINT 4 
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FIGURE C.2-27. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR SURGE LAGOON 
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FIGURE C.2-28. 1998 AND 1999 MONTHLY AVERAGE 
RADON CONCENTRATION FOR T28 
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FIGURE C.2-29. 1998 AND 1999 MONTHLY AVERAGE 
. RADON CONCENTRATION FOR TS4 
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FIGURE C.2-30. 1998 AND 1999 MONTHLY AVERAGE 
. RADON CONCENTRATION FOR WP-17A 
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ATTACHMENTC.3 ' 

Direct radiation measurements were conducted at 32 locations using thermoluminescent dosimeters 

- -  
(TLDs) during 1999. Figure C.3-1 identifies all TLD locations for 1999. Three TLDs are deployed at 

each location and the measurements from each TLD are averaged on a quarterly basis. These 

measurements are used to track and evaluate environmental direct radiation levels. Five locations are 

near the K-65 Silos, seven are in various places on site, and 21 are located at the site fenceline. Five 

locations are also placed off site to measure background in areas unaffected by site activities. 

- - - - - -  - _ _  - _ _  _ _  

I 

Table C.3-1 provides the data collected and averaged for four quarters in 1999. For comparison, annual 

average data collected during 1998 has been included. As discussed in Chapter 5 of this 1999 Integrated 

Site Environmental Report, an increasing trend has been identified at the locations around the K-65 

Silos 1 and 2 exclusion fence (locations 22 through 26). To a lesser degree, an increase in direct radiation 

levels has also been measured as well as at the site fenceline near the K-65 Silos (location 6). The 

relatively small increases in direct radiation at the fenceline are difficult to measure consistently because 

of variations in the sensitivity and accuracy of the environmental TLDs. The increasing direct radiation 

levels in these areas are the result of the increasing radon (and associated decay products) concentrations 

in the headspace of the K-65 Silos 1 and 2. While an increasing trend is evident, the 1999 results are still 

less than the levels observed prior to the addition of bentonite to the silos in 1991. These data are being 

considered in the design of the Advanced Waste Retrieval Project for K-65 Silos 1 and 2 which will 

address both radon and direct radiation concerns associated with the K165 waste materials. The radon 

control system associated with this project is scheduled to be operational in 2001. Monitoring for direct 

radiation will continue during 2000 as specified in the IEMP. 

0 
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TABLE C.3-1 

DIRECT RADIATION (TLD) MEASUREMENTS 

Direct Radiation (mrem) 
ha t ion '  1999 Summary Resultsb 1998 Sununary Results' 
Fenceline 
2 75 74 
3 72 67 
4- 68 66 
5 70 68 
6 81 84 
7 68 69 
8A 74 75 
9 c  76 79 
13 74 74 
14 71 77 
15 79 79 
16 81 81 

34 75 75 
35 71 70 
36 64 65 
37 76 77 
38 63 63 
39 79 79 
40 68 67 
41 72 73 
Min. 63 63 
Max. 81 84 

17 70d 73 

On Site 
22 
23" 
23A" 
24 
25 
26 
32 
Min. ' 

Max. 

904 
441 
650 
707 
881 
547 
55 
55 

904 

776 
817 
NA 
632g , 

698 
496 
55 
55 
817 

Background 
18 
19 
20 
27 
33 
Min. 
Max. 

77 
63 
62 
62 
67 
62 
77 

77 
65 
61 
64 
68 
61 
77 

%efer to Figure C.3-1 for sample locations 
bl 999 summary result value inay not always agree with quarterly results due to rounding differences. 

dEstimated second quarter direct radiation levels due to invalid TLD data from this location 
a i rec t  radiation levels for TLD locations 23 and 23A were extrapolated for second quarter results. 
'TLD location 23 was relocated to TLD location 23A on May 26, 1999. 
BDirect radiation value includes estimated second quarter results which were based on first quarter results. 

' '%A = not applicable 
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0 ATTACHMENT C.4 3004 

Meteorological data were recorded at the site meteorological station during 1999. Meteorological data 

recovery for 1999 was 97.5 percent. As shown jn Table C.4-1, data from-the 10-meter and 60-meter - 

elevations are reported as a monthly maximum hourly average and a monthly minimum\hourly average. 

Ambient air temperature is provided which includes monthly average temperature, and daily maximum 

and minimum values per month. The precipitation totals include the monthly total and daily maximum 

values recorded during 1999. Table C.4-2 presents the 1999 average wind speed and percent of time from 

direction at the 10-meter and 60-meter elevations. 

For 1999 the highest hourly average wind speed at the 10-meter elevation was measured at 22.7 miles per 

hour during May 1999. At the 60-meter elevation, the highest hourly average wind speed was measured 

at 35 miles per hour during April 1999. The prevailing winds were from directions west through 

south-southwest approximately 40 percent of the time at both elevations. The winds out ofthe 

east-southeast and southeast were least predominant, occurring less than three percent of the time. 

. 

Total precipitation for 1999 measured 34.39 inches, which is 6.81 inches below the annual average 

precipitation of 41.20 inches for the perid 1949 t h ~ g h ! 9 9 8 .  Fcr coiqziiisoii, the tutal annual 

precipitation in 1998 was 48.4 inches. The highest amount of precipitation was measured during 

January 1999 (4.95 inches). 

0 
. 

The monthly average temperatures during 1999 ranged from 32 degrees Fahrenheit ( O F )  in January to 

79 O F  in July. The coldest day was -9.4 OF recorded in January and the warmest day was 100 O F  

recorded in July. 



TABLE C.4-1 

1999 METEOROLOGICAL DATA 

Units January February March April May June July August September October November December 
10-Meter Wind Speed 
Maximum hourly mph 17.8 20.7 17.7 21.6 22.7 15.4 16.5 12.1 13.5 14.6 18.1 18.8 

kph 28.6 33.3 28.5 34.8 36.5 24.8 26.6 19.5 21.7 23.5 29. I 30.3 average 

mph 0.8 0.2 0.6 0.8 0.5 0.5 0.6 0.6 0.3 0.4 0.4 0.2 
kph 1.3 0.3 1 .o I .3 0.8 0.8 1 .o I .o 0.5 0.6 0.6 0.3 

Minimum hourly 
average 
60-Meter Wind Speed 
Maximum hourly mph 30.4 33.0 26.0 35.0 32.3 31.4 23.7 18.9 18.5 25.0 24.4 28.8 

kph 48.9 53.1 41.8 56.3 52.0 50.5 38.1 30.4 29.8 40.2 39.3 46.3 average 

Minimum hourly mph 0.9 . 1.0 0.7 0.7 0.8 0.2 0.2 0.2 0.2 0.2 0.9 0.9 
average kph 1.4 1.6 1.1 1.1 1.3 0.3 0.3 0.3 0.3 0.3 1.4 I .4 

Ambient Air Temperature 
Average O F  32 39 37 57 64 73 79 72 64 54 48 36 

"C 0 4 3 14 18 23 26 22 18 12 9 2 

Y i 
N w 

- 8 
$! 
N 

c) 

Maximum daily O F  66 73 72 79 91 9 1  100 91 93 79 77 63 
"C 19 23 22 26 . ,  33 33 38 33 34 . 26 25 17 

> ,  ' ,' 
# I  

Minimum daily OF -9.4 16 10 36 48 48 55 52 36 27 21 1.4 
"C -23 -9.0 -12 - 2.0 9.0 9.0 13 1 1  2.0 -3.0 -6.0 -17 

Precipitation 
Monthly total in 4.95 4.01 2.03 3.67 1.64 

cm 12.6 10.2 5.16 9.32 4.17 
4.9 I .75 2.37 1.12 2.46 2.05 3.44 
12 4.44 6.02 2.84 6.25 5.21 8.74 

Daily maximum in 1.3 I .5 1 .o 1.1 0.5 
cm 3.2 3.7 2.5 2.7 I .3 

2.0 0.4 1.4 1 .o 1.8 I .o 0.9 
5.2 . 1.1 3.5 2.5 4.5 2.6 2.3 
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' 0  TABLE C.4-2 

1999 AVERAGE WIND SPEED AND PERCENT OF TIME FROM 
DIRECTION AT TEN AND SIXTY METERS ABOVE GROUND LEVEL 

Averag TO-met er - Average 60-meter 
Wind Speed Percent of Time Wind Speed Percent of Time 

Direction b P h )  Ocph) from Direction b P h )  b h )  from Direction 
N 5.5 8.8 4.7 8.1 13.0 5.0 

NNE 
NE 

ENE 
E 
ESE 
SE 
SSE 

S 
ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

5.8 
5.6 
5.2 
4.0 
3.1 
3 .O 
4.1 
5.6 
6.8 
5.2 
4.2 
4.3 
4.3 
4.3 
5.1 

9.3 
9.0 
8.4 
6.4 
5.0 
4.8 
6.6 
9.0 
10.9 
8.4 
6.8 
6.9 
6.9 
6.9 
8.2 

4.5 
5.7 
6.9 
4.5 
2.6 
2.2 
3 .O 
5.8 
10.2 
11.1 
9.1 
9.0 
7.9 
7.9 
5.1 

7.6 
7.1 
6.6 
7.0 
6.1 
6.4 
7.4 
9.2 
9.8 
9.8 
9.6 
9.7 
9.1 
8.6 
7.7 

12.2 
11.4 
10.6 
11.3 
9.8 
10.3 
11.9 
14.8 
15.8 
15.8 
15.4 
15.6 
14.6 
13.8 
12.4 

5.3 
10.8 
6.5 
3.4 
2.3 
2.6 
3.6 
8.6 
11.1 
10.6 
8.3 
6.3 
5.0 
5.8 
4.8 

I E M P - A N M 1 9 9 9 W P E N T l D P - C V E C H l U . ~ y  23,2000 1256PM c.4-3 
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PREAMBLE 

On May 23, 1997, the U.S. Department of Energy (DOE) Fernald Environmental Management Project 
(FEMP) submitted a written request to the U.S. Environmental Protection Agency (EPA) for approval to 

use an altemate-apiproach for demonstrating compliince with the National Emission Standards for 
Hazardous Air Pollutants (NESHAP), Subpart H requirements (DOE 1997). The alternate approach 
utilizes environmental measurements of airborne radionuclide concentrations (as provided for under 
40 Code of Federal Regulations [CFR] 61.93b][5]) rather than air dispersion modeling to demonstrate 

that radionuclide emissions resulting from FEMP operations remain below the annual NESHAP 
Subpart H standard. The request for approval of the alternative approach was driven by the recognition 

that the dominant sources of radiological emissions at the FEMP had changed as the mission of the FEMP 

changed from uranium metal production (which ended in 1989) to environmental remediation. During 
production, the primary emission sources from the facility were point sources (stacks and vents); 
however, under the current mission of full scale environmental remediation, the dominant emission 
sources are fugtive emissions from diffuse sources (i.e., large scale excavations, wind erosion from 
stockpiled materials, decontamination and dismantling projects, etc.). Because there is a high degree of 

uncertainty associated with modeling fugitive emissions, environmental measurements were proposed as 

an alternative to provide a more accurate assessment of FEMP emissions. 

On August 1 1,1997, the EPA granted approval to use environmental measurements as an alternative 
methodology for demonstrating NESHAP compliance (EPA 1997). The FEMP began utilizing 

environmental measurements for N E S W  compliance purposes in 1998. 

SUMMARY 

For 1999 the maximum effective dose equivalent from emissions of radionuclides to the ambient air, 
based on radionuclide measurements at the FEMP fenceline, is estimated to be 0.29 millirem (mrem) 
(2.9E-03 millisieverts [mSv]), which is in compliance with the Subpart H standard of 10 mrem. This 
estimation is based on the FEMP’s radiological air particulate monitoring program which consists of a 

network of high volume air monitoring stations (AMs) operated continuously during the year at the 
F E W  facility fenceline and background locations. 

During 1999 there were several cases in which concerns about data recovery and data quality led to the 
loss or rejection of the data for the purpose of demonstrating compliance with the Subpart H standard. On 

an individual and cumulative basis, the lost or rejected data were evaluated and found to have minimal 
influence on the compliance demonstration. 
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SECTION I: FACILITY INFORMATION 0 
A. Site DescriDtion 

The FEMP is located on a 1,050 acre (425 hectare) area approximately 18 miles (29 km) northwest of 

downtown Cincinnati, Ohio. The former production area covers approximately 136 acres (55 hectares) in 

the center of the FEMP. The facility is sited just north of the small farming community of Femald, Ohio. 

The area immediately surrounding the FEMP is primarily rural in nature, chslyacterized by the 

predominance of agriculture, with some light industry and private residences. The FEMP is located on a 

relatively level plain, outside of the 500-year flood plain of the Great Miami River, in an ancestral river 

valley known as the New Haven Trough. 

The climate is characterized as continental, with average temperatures ranging from approximately 29'F 

(-1.7OC) in January, to '16°F (24.4OC) in July. Average annual precipitation is approximately 41 inches 

(104 centimeters) per year. Prevailing wind flow is from the south-southwest. 

I 

0 For 37 years, the former Feed Materials Production Center (Fernald site) produced uranium metals for 

DOE and its predecessors. On July 10,1989, uranium metals production was suspended. Management 

responsibilities of the Fernald site were transferred from the Defense Programs organization to the DOE'S 

Office of Environmental Restoration and Waste Management. 

Currently, most activities at the FEMP are conducted under the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA). These activities include sample analysis; waste 

characterization; the management, treatment, storage and disposal of hazardous, mixed, low-level and 

solid wastes; and the decontamination and cleanup of radioactively contaminated buildings, equipment, 

soils, and waters. The site also manages thorium wastes and K-65 Silos waste material which contains 

radium and produces radon gas. 

B. Source DescriDtions 

The majority of the radioactive airborne Contaminants at the FEMP consist of uranium and uranium 

compounds. Additional radioactive airborne contaminants consist of daughter products from the uranium, 

actinium, and thorium series decay chains. 
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For 1999 potential radionuclide emissions sources at the FEMP included: 

e 

Building 1 1 *, emissions from the laundry facilities resulting from the processing of 
contaminated clothing used at the FEMP and from the respirator washing facility located 
in the building 

Building 12, fugitive emissions from Tank Fann/Maintenance decontamination and 
dismantlement @&D) project 

Building 15, emissions from laboratory operations 

Building 5 1 , emissions from the advanced wastewater treatment facility 

Building 53, emissions from laboratory operations 

Building 56, fugitive emissions from packaging of enriched ingots and derbies 

Building 65, emissions from thorium repackaging operations 

Building 7 1 *, emissions from material sorting and repackaging operations 

Building 78, emissions from repackaging operations 

Building 80, fugitive emissions from metal fuelcore repackaging operations 

Piant 9, fugitive emissions generated fiom the Thonum/lulant 9 Complex above-grade 
D&D project 

Waste Pit Remedial Action Project* (WPRAF') dryer stack operations 

Other sources: Fugitive emissions from the D&D of the sewage treatment plant 
complex, W P M  excavations of waste pits 3 and 5, on-site disposal facility excavations/ 
construction, various borrow area excavations, wind erosion of stockpiles (i.e., flyash 
piles, southern waste units, etc.), earth moving equipment, and material handling 
operations. 

Note: *Indicates 1999 point sources were continuously monitored during process operations. Table D-1 
provides a summary of data from point source monitors, and is included as supporting 
documentation and is not used to demonstrate 40 CFR 61.92 compliance. 

All monitored stacks are equipped with a high-efficiency particulate air (HEPA) filter used for effluent 

controls. HEPA filters are 99.97 percent efficient for particles of 0.3 microns or larger. Additionally, 

HEPA filtration systems are utilized throughout the F E W  in adhering to the As Low As Reasonably 

Achievable (ALARA) philosophy. In accordance with 40 CFR 61.94@)(5), some examples of HEPA 

filters used at the FEMP include vacuum cleaner exhaust controls, negative pressure ventilation controls, 

venting glove bags and glove boxes, and general decontamination efforts. Table D-2 is provided to 
I, 
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comply with 40 CFR 61.94 @)(6) which provides the distance from the points of release to the nearest 

residence, etc. This table is not used to demonstrate compliance with 40 CFR 61.92. 

C. Radiolopical Air Particulate Monitoring Program Descriution 

The FEMP’s radiological air monitoring program is defined in the Integrated Environmental Monitoring 

Plan (IEMP) (DOE 1999). The program design, as approved by the EPA, is summarized below: 

Monitoring Eauipment and Locations 

e A network of 18 high-volume environmental air samplers comprise the FEMP’s 
radiological air particulate monitoring program for NESHAP compliance (refer to 
Figure D-1 for monitoring locations). The samplers draw air continuously through an 
8-inch by 10-inch filter at a rate of 40-50 cubic feet per minute. The air monitoring 
stations contain a flow-rate chart recorder and an hour-meter which provides a record of 
the monitors’ operational run-time over the sampling period. Additionally, the samplers 
are equipped with a flow controller which maintains a constant air flow through the 
sampler by an electronic probe which automatically adjusts blowedmotor speed to 
correct for variations in line voltage, temperature, pressure, or filter loading. 

e The 18 air monitoring stations are divided among on-site and background monitoring 
locations. Sixteen monitors are located on the FEMP fenceline corresponding to the 
16 windrose sectors. Two monitors serve as background monitors, located in the 
predominant upwind directions of the northwest (3.2 miles from the center of the FEMP) 
and the southwest (6.2 miles from the center of the FEMP). The EPA siting criteria 
(40 CFR 58,  Appendix E) were considered when selecting these locations. 

Analytical Regime and Samling Frequency 

The analytrcal regime and sampling frequency for this program was designed to account for the major 

contributors to dose as defined in 40 CFR 61.93(b)(5)(ii) for the purpose of demonstrating N E S W  

Subpart H compliance. 

e Filters are exchanged on a biweekly basis and analyzed for total uranium and total 
particulates. These data are used to track site emissions routinely throughout the year to 
ensure emission controls at the FEMP are operating effectively. 

e A portion of each biweekly filter is retained and is used to form a quarterly composite 
sample. The composite sample is analyzed for the radionuclides expected to be the major 
contributors to dose from site emissions. The results of the quarterly data are used to 
track compliance against the NESHAP Subpart H standard during the year and for 
demonstrating compliance at the end of the year. 
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Isotopes which comprise the quarterly composite analysis were selected based on the following 0 considerations: 

0 Radionuclides which are stored in large quantities at the FEMP and which will be 
handled or processed during the remediation effort (uranium, thorium-230, thorium-232, 

- _ .  and-radium-226) - - . _  - -  - - - .  _ _ _  - - - _ _  

0 Radionuclides which have been the major contributors to dose based on environmental 
and stack filter measurements (uranium) 

0 Radionuclides which, due to their concentrations in waste and contaminated soil, will be 
the major contributors to dose (uranium, thorium-228, and thorium-230). 

Uranium-238, thorium-232, and uranium-235 are initial radionuclides in the uranium, thorium, and 

actinide decay chains, respectively. The majority of uranium and thorium received and processed during 

the production era of the F E W  had been separated from its decay chain progeny prior to shipment to the 

FEW. As a result, decay chain progeny products were not in equilibrium with the parent concentrations, 

but may have grown into equilibrium with their parents during the history of operations at the FEMP. In 

addition to the potential in-growth of decay chain progeny, some of the progeny are difficult to quantify 

using standard radiochemistry analytical techniques. Analysis is particularly difficult given the limited 

sample volume and low environmental concentrations of all radionuclides in the quarterly composite 

samples. In order to account for the progeny’s contribution to dose (while avoiding analyhcal 

difficulties), a number of progeny radionuclides can conservatively be considered to be present in 

equilibrium with their parents. These radionuclides (thorium-234, radium-228, actinium-228, 

radium-224, and thorium-23 1) are assumed to be in equilibrium with their parent concentrations as 

measured in the quarterly composites. Refer to Table D-3 for measured net air concentrations. 

0 

Air Emission Data ReDortinq 

In addition to this report, the biweekly and quarterly composite data associated with this program were 

tracked and reported to the EPA and Ohio Environmental Protection Agency (OEPA) through JEW 

quarterly status reports during 1999. In conjunction with the quarterly reports, all monitoring data were 

provided to the EPA and OEPA via electronic media (data diskettes or CD-ROM) on a quarterly basis. 

SECTION 11: AIR EMISSIONS DATA 

A. Air Monitoring Data Completeness Status 

During 1999 there were six cases in which concerns about data recovery and data quality of the quarterly 

composite results led to the loss or rejection of the data for purposes of demonstrating NESHAP 
compliance. In some cases, comparable data from 1998 quarterly composite samples were?sybsqtuted in 

I < \  
> I  
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place of the rejected data. In each case where data were lost, rejected, andor substituted, an evaluation 

was performed in order to determine the impacts with respect to demonstrating NESHAP compliance. On 

an individual basis, each case of rejected or substituted data had minimal influence on the compliance 

demonstration. A summary of each case is provided below: 

During the first quarter of 1999, low thorium tracer recovery during laboratory analysis 
led to the rejection of thorium data (thorium-228, thorium-230, and thonum-232) from 
the two background monitors AMS-12 and AMS-16. In order to account for background 
concentrations of thorium, first quarter 1998 thorium dak from AMS-12 and AMS-16 
were substituted for the rejected 1999 background thorium data. This substitution is 
supported by the first quarter 1999 isotopic uranium concentrations at the background 
monitors (AMS-12 and AMS-16) which were slightly lower, yet comparable, to frrst 
quarter 1998 isotopic uranium concentrations at the background monitors. The relative 
agreement between the background uranium concentrations suggests that background 
isotopic thorium concentrations from the first quarters of 1998 and 1999 would also be 
similar. Thus, substitution of first quarter 1998 background thorium data in place of the 
rejected first quarter 1999 background thorium data would not significantly influence the 
calculation of the net fenceline thorium concentrations or the subsequent calculation of 
doses from thorium. 

During the first quarter of 1999, low thorium tracer recovery during laboratory analysis 
also led to the rejection of thorium data (thorium-228, thonum-230, and thorium-232) 
from monitoring locations AMS-4, AMS-22, and AhlS-24. The rejection of isotopic 
thorium datafrom A M S - 4 ,  AMS-22, and AMS-24 does not significantly affect the 
compliance demonstration because thorium has not historically contributed the major 
fraction of dose from F E W  emissions. Furthermore, these monitors are not downwind 
of the major remediation projects and have not historically been the location of maximum 
fenceline doses. 

First quarter 1999 radium-226 data from all monitors were rejected because the chemical 
recoveries were above the laboratory detectors’ calibrated range of recoveries. In order 
to account for radium-226 concentrations at all of the monitors, first quarter 1998 
radium-226 data were substituted for the rejected first quarter 1999 data. The substitution 
would not be expected to significantly change the radium-226 contribution to fenceline 
doses because there were no significant changes in remediation activities during the first 
quarters of 1998 or 1999 that involved moving, repackaging, or processing radium-226 
bearing wastes. Therefore, radium-226 concentrations during the first quarter of 1999 
would be expected to be similar to the radium-226 emissions during the first quarter 
of 1998. 

Low thorium tracer recoveries during laboratory analysis were also encountered during 
the second quarter of 1999. During re-analysis, thorium recoveries improved, but an 
interference with thonum-228 results was observed for the samples from four monitoring 
stations (AMS-12, AMS-16, AMS-24, and AMS-25). This led to the rejection of 
thonum-228 data from two fenceline and two background stations. In order to account 
for thonum-228 concentrations, thorium-228 was assumed to be in equilibrium with 
thorium-232. This assumption is supported by the thorium-228/thorium-232 equilibrium 
conditions that occurred at the other fenceline monitors during the second quarter 
of 1999. This assumption does not significantly affect the compliance demonstration 080473 
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because thonum-228 has not historically contributed the major fraction of dose fiom 0 FEMP emissions. 

e During the third quarter of 1999, a portion of the composite sample for AMS-23 leaked 
during transport. While none of the sample escaped the shipping container, the leaked 
sample . volume _ _  could not be recovered for analysis. As a result, there was insufficient 
sample volume available for the complete quarterly analyses. Therefore, the available 
sample was analyzed for uranium and thorium isotopes and no analysis for radium-226 
was performed. The lack of radium-226 data from AMS-23 during the third quarter does 
not significantly affect the compliance demonstration because radium-226 has not 
historically contributed the major fraction of dose from FEMP emissions. 

- 

0 During the fourth quarter of 1999, low radium tracer recovery at the laboratory resulted 
in the rejection of the radium-226 result from AMS-28. The rejection of radium-226 data 
from AMS-28 during the fourth quarter does not significantly affect the compliance 
demonstration because radium-226 has not historically contributed the major fiaction of 
dose fkom FEMP emissions. 

In addition to evaluating each individual case, an assessment of the combined effects of the lost, rejected, 

and substituted data was made. This assessment, which is described below, considered the maximum 

fenceline dose with and without corrections for background concentrations of radionuclides. Based on 

this assessment, the combined effects of the rejected or substituted data had minimal influence on the 

compliance demonstration. 0 
An assessment of the combined effects of the lost, rejected and substituted data was made by considering 

the maximum fenceline dose with and without corrections for background concentrations of 

radionuclides. Accounting for the background concentrations of radionuclides, the maximum effective 

dose of 0.29 mrem occurred at AMS-3 with AMS-8A and AMS-9C representing the next highest doses at 

0.25 mrem and 0.21 mrem, respectively. These doses are well below the Subpart H staxidard of 10 mrem. 

If, for the sake of a conservative estimate, fenceline doses are re-calculated without accounting for the 

background concentrations of isotopic uranium, isotopic thorium, and radium-226, the maximum 

effective dose is 0.53 mrem, at AMS-3, and remains below the Subpart H standard of 10 mrem. 

Therefore, based on this assessment, the combined effects of the rejected or substituted data had minimal 

influence on the compliance demonstration. 

Based on the discussion above, substituted data had minimal influence on the compliance demonstration. 

However, in an effort to improve data recovery and completeness, a different off-site (contract) laboratory 

is being used for the analysis of the quarterly composite air samples in 2000. 

0 
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B. Air Monitorinp Station Operational Performance 

During 1999, operational run-times for the 18 NESHAP air monitoring stations averaged 98.5 percent, 

with all monitors operating in excess of the 95 percent minimum expectation. In general, interruptions in 

monitor operations that were encountered during 1999 were the result of power failures and/or equipment 

failures (refer to Table D-4). 

SECTION m: DOSE ASSESSMENT 

Based on the sum of the quarterly isotopic results and annual air volumes, the net measured 

concentrations for each radionuclide were calculated at each fenceline air monitor to.detennine annual 

average concentrations. The annual average concentrations at each fenceline air monitor are divided 

by the corresponding values listed in Subpart H of 40 CFR 61, Appendix E, Table 2 to form a 

radionuclide-specific compliance ratio. At each fenceline air monitor, the sum of the radionuclide-specific 

compliance ratios was determined. Refer to Table D-5 for the NESHAP compliance ratios at each air 

monitor. The maximum value of the sum of the ratios was 0.029 and occurred at AMs-3. AMs-3 

operated 99 percent of the time during 1999. 

In accordance with 40 CFR 6 1.107, compliance with the NESHAP standard is demonstrated when the 

s u m  of the ratios is less than 1. Based on this approach for demonstrating compliance, the 40 CFR 61, 

Appendix E, Table 2 values can be assumed to represent the annual average radionuclide concentrations 

that correspond to a 10 mrem annual effective dose equivalent. It follows that a bction of the 40 CFR 61, 

Appendix E, Table 2 values would correspond to an equivalent fraction of a 10 mrem annual effective 

dose equivalent. 

Based on the assumption above, the sum of the radionuclide-specific compliance ratios can be converted 

to a dose by multiplying the ratio by 10. The maximum value of the s u m  of the ratios (0.029) converts to 

a maximum effective dose equivalent of 0.29 mrem (2.9E-03 mSv) at the fenceline (AMs-3). Because 

the nearest residence is located approximately 1,555 feet (474 meters) downwind (east-southeast) from 

AMs-3, the actual dose received by this receptor would be substantially lower than 0.29 mrem. 

SECTION IV: COMPLIANCE ASSESSMENT 

For 1999 the maximum effective dose equivalent from emissions of radionuclides to the ambient air, 

based on radionuclide measurements at the FEMP fenceline, is estimated to be 0.29 mrem (2.9E-03 mSv), 

which is in compliance with the Subpart H standard of 10 mrem. 

D-8 
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SECTION V: ADDITIONAL INFORMATION 

A. Meteorolodcal Data 

Refer to Figure D-2 for the 1999 wind rose data. 
.. . 

B. ConstructiodModifications at the FEMP 

Three projects were completed in 1999 for which the requirements to apply to the EPA for approval to 

construct or modify were waived due to the provisions of 40 CFR 61.96. These projects were: 

0 

a 

0 

Building 80, uranium metal hel-core repackaging HEPA system 
Building 56, packagmg of enriched ingots and derbies 
Building 12, Tank Farm/ Maintenance D&D Project. 

Refer to Attachment D. 1 for CAP88-PC computer model runs as supporting documentation for the 

waivers. 

C. Undanned Releases of Radionuclides 

For 1999 no unplanned releases of radionuclides were identified in a review of the 358 notifications 

received by the site’s release evaluators. 
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TABLE D-1 

N E S W  STACK EMISSIONS MONITORING RESULTS 

1999 Annual Results 
Stack Location/ Number of Samples 
Analysis (Including Total PoundsC'Qe 
Building 71 Stack 
Uranium, Total 5 2.6E-05 
ThoIi~m-23 2 5 5.2E-05 
Thorium-230 5 1 .OE-09 
Total Particulate 3 5.8E-01 
Laundry Stack 
Uranium, Total 9 2.6E-05 
Thorium-232 9 5.8E-04 
Thorium-230 9 6.9E-09 
Total Particulate 7 6.OE-01 
W R A P  Dryer Stack 
Uranium-23 8 1 ND 
Uranium-23 5/23 6 1 ND 
Uranium-234 1 ND 
ThoIi~m-232 1 ND 
Thorium-230 1 ND 
Thorium-228 1 ND 
Radium-226 1 ND 
Total Particulate NS NS 
Total Radon' -- 3.9E-O3(Ci) 

0 

"NS = not sampled 
%RAP sample is composite of 23 filters (collected over five days). 
Total pounds are only determined from detected results. 
%ID = nondetectable 
eSome particulate result(s) could not be determined due to a damaged filter(s). 
'Sample results are continuously collected and recorded. 
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TABLE D-2" 

DISTANCE AND DIRECTION FROM POINTS OF RELEASE TO RECEPTORS 

- Dist. and Direction to 
Percent .Nearest Off Site 

Source Type of Control Efficiencyb Receptor 
Plant 9 None NA 959m ESE 
Building 11 

Laundry Dryer Exhaust HEPA 99.97 1016m WSW 
Respirator Washing Facility HEPA 99.97 1017m WSW 

Building 12 None NA 959m NNE 
Building 15 

Perchloric Stacks None NA 921m WSW 
HEPA Exhaust HEPA 99.97 921m WSW 
General Exhaust None NA 921m WSW 

Building 5 1 None NA 671m W 
Building 53 None NA 939m ESE 
Building 56 None NA 75Om N 

, Building65 HEPA 99.97 844m N 
Building 7 1 HEPA 99.97 944m N 
Building 78 HEPA 99.97 833m N 
Building 80 None NA 869m WSW 
W P W  Dryer a HEPA , 99.97 904m NNE 

Table D-2 is included to comply with 40 CFR 61.94 (b)(6) and not used to demonstrate compiiance with 
40 CFR 61.92 
%A = not applicable 
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TABLE D-3 

NET AIR CONCENTRATIONS" 

Location 
Fenceline 
AMs-2 
A M s 3  
A M S - 4  
AMs-5 
AMs-6 
AMs-7 
AMs-8A 
AMs-9c 
AMs-22 
AMs-23 
AMs-24 
AMs-25 
AMs-26 
AMs-27 
AMs-28 
AMs-29 

234 

2.1E-05 
5.6E-05 
1.4E-05 
5.7E-06 
9.4E-06 
4.7E-06 
6.1E-05 
4.OE-05 
1 .OE-05 
1.9E-05 
6.8E-06 
1.7E-06 
8.5E-06 
6.9E-06 
1.8E-06 
1.6E-05 

Uranium 
(pci/m3) 
2 3 5/23 6 

l.lE-06 
2.6E-06 
5.5E-07 
9.OE-08 
6.3E-07 
1.6E-07 
3.3E-06 
119E-06 
6.8E-07 
6.5E-07 
5.7E-07 
O.OE+OO 
6.4E-07 
3.8E-07 
2.3E-07 
l.lE-06 

238 

2.6E-05 
6.OE-05 
1.8E-05 
7.3E-06 
2.2E-05 

6.8505 
8.2E-06 

4.6E-05 
1.9E-05 
2.4E-05 
8.OE-06 
7.3E-06 
1.3E-05 
1.2E-05 
1.3E-05 
2.2E-05 

228 

2.2E-06 
1 SE-06 
1.8E-05 
O.OE+OO 
O.OE+OO 
O.OE+OO 
l.lE-07 
8.8E-07 
4.2E-07 
8.7E-06 
1.2E-06' 
O.OE+OO' 
O.OE+OO 

O.OE+OO 
1.5E-06 

3.2E-06 

Thorium 
(pci/m3) 

230 

7.6E-06 
1 .OE-05 
8.4E-06 
4.5E-06 
1.2E-05 
1.4506 
7.7E-06 
1.1 E-05 
1 .OE-05 
3.3E-06 
7.4E-06 
4.OE-06 
1.5E-05 
8.4E-06 
1 .OE-05 
8.7E-06 

232 

1.4E-06 
8.1 E-07 
1.7E-06 
O.OE+OO 
O.OE+OO 
O.OE+OO 
2.6E-07 
l.lE-06 
1.9E-07 
O.OE+OO 

O.OE+OO 
O.OE+OO 

O.OE+OO 
O.OE+OO 

1.3E-06 

1.4E-06 

Radium 
@ci/m31b 

226 

1.7E-05 
3.1E-05 
6.9E-06 
O.OE+OO 

O.OE+OO 
3.5E-06 

1.7E-05 
1.5E-05 
2.7E-06 
O.OE+OO 

O.OE+OO 
5.5506 

1.8E-05 

2.1 E-05 
O.OE+OO 
O.OE+OO 

Background 
AMs-12 1 .OE-05 1 SE-07 9.9E-06 3.6E- 6.4E-06d 3.9E-06d 5.1E-06 
AMs- 16 1.3E-05 3.7E-07 1.3E-05 8.6E- 1 .4E-05d 9.2E-06d 2.5E-05 

"Thorium-234, radium-228, actinium-228, radium-224, and thorium-23 1 are considered to be in equilibrium with 
their parent of the primordial decay chain 
radium-228, actinium-228, and radium-224 pCi/m3, uranium-235 pCi/m3 = thorium-23 1 pCi/m3). 
bFirst quarter 1999 radium-226 data were rejected and substituted with first quarter 1998 radium-226 data. 
'Second quarter 1999 thorium-228 data are assumed to be in equilibrium with second quarter 1999 thorium-232 data 
{primordial decay chain parent). 
First quarter 1999 thorium data were rejected and substituted with first quarter 1998 thorium data. 

uranium-238 pCi/m3 = thorium-234 pCi/m3, thorium-232 pCi/m3 = 
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TABLE D-4 

OPERATIONAL SUMMARY FOR AIR PARTICULATE MONITORING STATIONS IN 1999 

Number of Sample Last Sample Operating Percent 
Ldcation Samples Start-Date Collection Date Time (hours)a of Operation 
Fenceline 
AMs2 26 12/29/98 12/28/99 8675.0 99.3 
AMs-3 26 12/29/98 12/28/99 8648.7 99.0 
AMS-4 26 12/29/98 12/28/99 8573.6 98.1 
AMs-5 26 12/29/98 12/28/99 8718.6 99.8 
AMs-6 26 12/29/98 12/29/99 8587.6 98.0 
AMs-7 26 12/29/98 12/28/99 8430.3 96.5 
AMs-8A 26 12/29/98 12/28/99 8615.5 98.6 
AMs-9c 26 1 2/29/98 12/28/99 8541.1 97.8 
AMs-22 26 12/29/98 12/28/99 8580.8 98.2 
AMs-23 26 12/29/98 12/28/99 863 1.9 98.8 
AMs-24 26 12/29/98 12/29/99 8685.6 99.2 
AMs-25 26 12/29/98 12/29/99 8582.8 98.0 
AMs-26 26 12/29/98 12/29/99 8643.5 98.7 
AMs-27 26 12/29/98 12/29/99 8611.4 98.3 
AMs-28 26 12/29/98 12/28/99 8728.6 99.9 
AMs-29 26 12/29/98 12/28/99 8628.6 98.8 
Background 
AMs-12 26 i 2iBi98 1 Ll L O /  77 m 6 . 7  99.9 
AMs-16 26 12/29/98 12/28/99 8459.9 96.8 

**moinn 

a8736 available operating hours fiom December 29, 1998 through December 28, 1999, and 8760 available operating 
hours through December 29, 1999. 



TABLE D-5 

ANNUAL NESHAP COMPLIANCE RATIO REPORT 

40 CFR 61 (NESHAP) Subpart H Appendix E, Table 2; Net Ratios' . 

Uranium235 Dosed 
Location A~tinium228~ Rr1dium224~ Radium226' R a d i ~ m Z 2 8 ~  Thorium228 Thorium230 Thorium231b Thorium232 Th0rium234~ Uranium234 Uranium236 Unnium238 Ratio Totals (mrem) 
Fenceline 

AMs-2 
AMs3 
AMS-4 
AMs-5 ' 
AMs-6 
AMs-7 
AMs-8A 
AMs-9C 
AMs-22 
AMs-23 
AMs-24 
AMs-25 
AMs-26 
AMs-27 
AMs-28 

3.98-07 
2.28-07 
4.5 E-07 

7.08-08 
3.08-07 
5.28-08 

3.58-07 

3.98-07 

9.58-06 
5.48-06 
I.1E-05 

1.7E-06 
7.48-06 
1.3846 

8.68-06 

9.68-06 

5.28-03 
9.58-03 
2.1 E-03 

1.IE-03 

5.28-03 
4.78-03 
8. I E-04 

5.48-03 

1.78-03 
6.38-03 

2.48-04 
1.48-04 
2.8 8-04 

4.48-05 
1.9844 
3.38-05 

2.2 E-04 

2.48-04 

6.98-04 
4.8 8-04 
5.7843 

3.58-05 
2.98-04 
1.4E-04 
2.88-03 
3.88-04' 

c 

4.98-04 

2.28-03 
3.08-03 
2.58-03 
I .38-03 
3.68-03 
4. I 8-04 
2.38-03 
3.2E-03 
2.98-03 
9.68-04 
2.28-03 
I .28-03 
4.48-03 
2.5 8-03 
3.08-03 

3.7E-09 
8.88-09 
1.98-09 
3.1 E-I 0 

2.28-09 
5.48-10 
1.28-08 
6.68-09 
2.48-09 
2.38-09 
2.08-09 

2.2 E-09 
1.38-09 
7.88-10 

2.3 E-03 
1.3E-03 
2.78-03 

4.28-04 
1.8E-03 
3.1 8-04 

2. I 8-03 

2.3 8-03 

1.28-05 
2.78-05 
8.3846 
3.3 E-06 
1 .OE-05 
3.7 8-06 
3.1E-OS 
2.1 E-05 
8.68-06 
I .  I E-05 
3.68-06 
3.3E-06 
5.88-06 
5.38-06 
6.08-06 

2.8E-03 
7.28-03 
I .8E-03 
7.48-04 
1.2E-03 
6.2844 
8.08-03 
5.2 8-03 
1.38-03 
2.58-03 
8.98-04 
2.28-04 
1.1E-03 
9.OE-04 
2.3 E-04 

1 5e-04 
3.5 8-04 
7.48-05 
I .2E-O5 
8.68-05 
2.1845 
4.58-04 
2.68-04 
9.2E-05 
8.88-05 
7.78-05 

8.78-05 
5.28-05 
3.1E-05 

3.28-03 
7.28-03 
2.28-03 
8.88-04 
2.7843 
9.98-04 
8. I 8-03 
5.68-03 
2.3 E-03 
2.98-03 
9.68-04 
8.88-04 
1 5e-03 
I .4E-03 
I .68-03 

1.7E-02 
2.98-02 
1.7E-02 
3.08-03 
8.7 8-03 
2.08-03 
2.5 E-02 
2. I 8-02 
7.98-03 
9.28-03 
I .28-02 
2.3843 
8.88-03 
I .48-02 
4.98-03 

0.17 
0.29 
0.17 
0.030 
0.087 
0.020 
0.25 
0.21 

0.079 
0.092 
0.12 
0.023 
0.088 
0.14 
0.049 

AMs-29 1.08-03 2.58-03 3.88-09 9.88-06 2.OE-03 1 SE-04 2.68-03 8.48-03 0.084 
Background 

AMs-I2 1.18-06 2.6E-05 1.58-03 6.78-04 1.28-03'' 1.9E-03' 5.38-10 6.38-03' 4.58-06 1.3E-03 . 2.1845 1.2E-03 NAg 

AMs-16 2.58-06 6.28-05 7.68-03 1.68-03 2.88-03'' 4.08-03' 1.38.49 1.58-02' 6.IE-06 I .78-03 5.08-05 1.6E-03 NA' 

Maximum Year-to-Date Ratio: 0.0293 
Maximum Year-to-Date Dose (mrem): 0.293 

'A "-" indicates the filter results were less than or equal to the blank results, andlor the indicator concentrations were less than or equal to the average net background concentrations. 
blsotopes are assumed to be in equilibrium with their primordial decay chain parent. 
'First quarter 1999 radium-226 data were rejected and substituted with first quarter 1998 radium-226 data. 
dDose conversions are based on the NESHAP standard of 10 mrem per year. 
'Second quarter 1999 thorium-228 data assumed to be in equilibrium with second quarter 1999 thorium-232'data (primordial decay chain parent). 
'First quarter 1999 thorium data were rejected and substituted with first quarter 1998 thorium data. 
'NA = not applicable 
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SECTION VI: CERTIFICATION 

I certify under penalty of law that I have personally examined and am familiar with the information 

submitted herein and based on my inquiry of those individuals immediately responsible for obtaining the 

information, I believe that the submitted infofition is true, acc~Zte-Sd complete.-I am-aware that there - - -  

are significant penalties for submitting false information including the possibility of fine and 

imprisonment (see 18 U.S.C. 1001). 

- - . - - - - - . -  

0 0 04.9 z 
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ATTACHMENT D.1 

CAP88-PC COMPUTER MODEL RUNS AS 
S!.???QE-G DOCr_rlTsNTATION FOR 40 CFR 61.96 



BUILDING 80, URANIUM METAL FUEECORE REPACKAGING HEPA SYSTEM 



C A P 8 8.- P.C' 

Version 1.00 

Clean A i r  Acc Assessment Package - 1988 

Facility: 

State: 

3 0 0 4  

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Aug 11, 1999 9:41 am 

\ Fernald Environmental Management Project 
P . O .  Box 538704 
7400 Willey Road 
Cincinnati 

l7:  - I OR & A p e  ~ ~ ~ ~ ~ - ~ ? ~ ~  

Effective Dose Equivalent 
(mrem/year) 

1.19E-03 

At This Location: 869 Meters North Northeast 

Source Category: point 
Source Type: Stack 

Emission Year: 1999 

Comments: Appendix D EDE determination. 

Dataset Name: 99CORESEDE 
Dataset Date: Aug 11, 1999 9:40 am 

Wind File: WNDFILES\FEMPSTD.WND 

. .  



Aug 11, 1999' 9 :41  am 

.. ' I' 

SYNOPSIS 

MAXIMALLY EXPOSED INDIVIDUAL 

. L p c a t i o n  Of T h e  Individual: 8 6 9  Meters N o r t h  N o r t h e a s t  
L i f e t i m e  F a t a l  Cancer R i s k :  1 . 5 6 E - 0 8  

ORGAN DOSE EQUIVALENT SUMMARY 

0rga.n 

D o s e  
E q u i v a l e n t  

(mrem/y) 

GONADS 1 . 8 5 3 - 0 6  
2 . 1 4 E - 0 6  BREAST 

RMAR <58E-= 
LUNGS 9 . 5 1 E - 0 3  

1 . 8 1 E - 0 6  THYROID 
ENDOST 7 . 2 0 3 - 0 4  
RMNDR 6.453-05 

1 . 1 9 E - 0 3  EFFEC 



SYNOPSIS 
Page 2 

9:41 am 

RADIONUCLIDE EMISSIONS DURING THE YEAR 1999 

._ . _source -. 

#1 TOTAL - 

Xuclide Class S i z e  Ci8/y C i / Y  

3-238 
J-235 

Y 0.30 . 2.OE-05 2.OE-05 
Y 1.00 1.9E-09 1.9E-09 

SITE INFORMATION 

Temperature : 20 degrees C 
Precipitation: 146 cm/y 
Mixing Height: 965 m 



Aug 11, 1999 9:41 am 

SOURCE INFORMATION 

Source Number: 1 

Stack Height (m) : 6.10 
' Diameter (m) : 0.31 

Plume Rise 
Momentum (m/s) : 7.98E+00 
(Exit Velocity) 

I 

AGRICULTURAL DATA 

Vegetable Milk Meat 

Fraction Home Produced: 0.700 0.399 0.442 
Fraction From Assessment Area: 0.300 0.601 0.558 

Fraction Imported: 0.000 0.000 0.000 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

1246 1907 1513 1204 2178 869 
1421 1270 1270 1829 1779 1331 

SYNOPSIS 

982 . 1058 1275 1221 
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C A P 8 8 - P C  
- . .  

Version 1-00 . 

Clean Air Act Assessment Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Aug 11, 1999 9:41 am ’ 

2 

Facility: Fernald Environmental Management Project 
Address: P-0, Box 538704 

7400 Willey Road 
City: Cincinnati 

State: OH Zip: 45253-8704 
0 

Source Category: point 
’ Source Type: Stack 
Emission Year: 1999 

Comments: Appendix D EDE determination. 

Dataset Name: 99CORESEDE 
Dataset Date: Aug 11, 1999 9:40 am 

Wind File: WNDFILES\FEMPSTD.WND 



Aug 11, 1999 9:41 am . .  

ORGAN DOSE ' EQUIVALENT SUMMARY 

organ 

Selected 
Individual 

(=em/Y 1 

GONADS 
BREAST 
R M A R  
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

1.853-06 
2.14E-06 
5.58E-05 
9.51E-G3 
1 .. 8 1E-0 6 
7.20E-04 
6.453-05 

1.19E-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Pathway 

Selected 
Individual 
(mrem/Y 1 

INGESTION 
INHALATION 
AIR IMMERSION . 

GROUND SURFACE 
INTERNAL 
XT El'?f:>* L 

TOTAL 

4.633-05 
1.14E-03 
4.03E-13 
7.493-08. -' 

1.19E-05 . . < ? E - C Z  9 

1.19E-03 



Aug 11, 1999 9:41 am 

NUCLIDE EF,FECTIVE DOSE 

N u c l i d e  

U-238 
U-235 

TOTAL 

3 0 0 4  S U M M m Y  
Page  2 

EQUIVALENT SUMMARY 

S e l e c t e d  
-1nd ividual-  
(mrem/y) 

1.19E-03 
7 . 17E-08 
1.19E-03 



. .  . . . .  . , .. - --.. .- . - .  . 

cancer 

.Aug 11, 1999 9:41 am 

CANCER RISK SUMMARY 

LEUKEMIA 
BONE 
THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

Pathway 

Selected Individual 
Total Lifetime 

Fatal Cancer ‘Risk 

6.99E-11 
3.88E-11 
3.233-13 
3.993-12, 
1.54E-08 
2.593-12 . 

. 5.353-12 
2 . 09E-12 
1.69E-12 
1.40E-10 
2.07E-12 

1.56E-08 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

2.56E-10 
1 543-08 
8 68E-18 
1 583-12 
1 563-08 
1.583-12 

.. 

1.563-08 



Aug 11, 1999 .9:41 am 

,NUCLIDE 

Nuclide 

U-238  
U-2 3 5 

TOTAL 

R-ISK 

Selected Individual 
. Total- Lifetime 
Fatal Cancer Risk 

1.563-08, 
9 . 3 8 E - 1 3  

1 . 5 6 E - 0 8  . 

SUMMARY 

3004 SUMMARY 
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.Aug 11, 1999 9:41 am 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

Distance (m).. 

Direction 1246 1907 1513 . 1204 2178 869 982 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 

a5w 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

3.4E-04 
1.5E-04 
1.2E-04 
1.1E-04 
1.5E-04 
4.3E-04 
2.7E-04 
J.8L-UB 
3.5E-04 
3.3E-04 
2 . 9E-04 
4.3E-04 
3.OE-04 
3.3E-04 
3.7E-04 
6.7E-04 

1.8E-04 
7.7E-05 
6 6E-05 
5.7E-05 
8.2E-05 
2.2E-04 
1.4E-04 
I. Y1E-U4 
1.8E-04 
1.7E-04 
1 . 6E-04 
2 . 2E-04 
1 . 5E-04 
1.7E-04 
1 . 9E-04 
3.5E-04 

2.5E-04 
1.1E-04 
9.2E-05 
8.OE-05 
1.2E-04 
3.1E-04 
2.OE-04 
L. /l!l-u4 
2.5E-04 
2.4E-04 
2 . 2E-04 
3 . 2E-04 
2.2E-04 
2 . 4E-04 
2.7E-04 
5.OE-04 

3.6E-04 
1.6E-04 
1.3E-04 
1.1E-04 
1.6E-04 
4.5E-04 
2.9E-04 
4. UE-LJ4 
3.7E-04 
3.5E-04 
3.1E-04 
4.5E-04 
3 . 1E-04 
3.5E-04 
3.9E-04 
7.1E-04 

1.4E-04 
6.3E-05 
5 . 4E-05 
4.7E-05 
6.7E-05 
1 . 733-04 
1.2E-04 
I. 5li-u4 
1 . 4E-04 
1 . 3E-04 
1.3E-04 
1.8E-04 
1 . 3E-04 
1.4E-04 
1 . 5E-04 
2 . 8E-04 

6.2E-04 
2.7E-04 
2.1E-04 
1.9E-04 
2 .‘7E-04 
7.7E-04 
4.8E-04 
b . 9li-04 
6 . 3E-04 
6.1E-04 
5.OE-04 
7.7E-04 
5 3E-04 
6.OE-04 
6.7E-04 
1.2E-03 

5.OE-04 
2.2E-04 
1.8E-04 
1.5E-04 
2.2E-04 
6.2E-04 
4.OE-04 
5. bli-U4 
5.1E-04 
4.9E-04 

6.3E- 
4.3E- 
4.9E-04 
5.4E-04 
9.7E-04 

Distance (m) 

. .  

1829 1275 1221 14 2.1 . i n 0  1270 Direction 1058 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 

NNE 

4 . 5E-04 
1.9E-04 
1.6E-04 
1.4E-04 
2 OE-04 
5.5E-04 
3 . 5E-04 
4.9E-04 
4 . 5E-04 
4.4E-04 
3.7E-04 
5.6E-04 
3.8E-04 
4.3E-04 
4.8E-04 
a. 7~-04 

3 . 3E-04 
1.4E-04 
1.2E-04 
1.OE-04 
1.5E-04 
4.1E-04 
2 . 6E-04 
3.6E-04 
3 . 3E-04 
3.2E-04 
2.8E-04 
4.1E-04 
2.9E-04 
3.2E-04 
3.6E-04 
6.5E-04 

3.6E-04 
1.5E-04 
1.3E-04 
1.1E-04 
1.6E-04 
4.4E-04 
2.8E-04 
3.9E-04 
3.6E-04 
3.5E-04 
3.OE-04 
4.4E-04 
3..1E-04 
3.4E-04 
3.8E-04 
6.9E-04 

2.8E-04 
1.2E-04 
1.OE-04 
8.8E-05 
1.3E-04 
3.4E-04 
2 . 2E-04 
3.OE-04 
2.8E-04 
2.7E-04 
2.4E-04 
3 5E-04 
2.4E-04 
2.. 7E-04 
3.OE-04 
5.5E-04 

3 . 3E-04 
1.4E-04 
1.2E-04 
1.OE-04 
1 . 5E-04 
4.1E-04 
2 . 7E-04 
3 . 6E-04 
3.4E-04 
3.2E-04 
2 . 8E-04 
4.2E-04 
2.9E-04 
3.2E-04 
3.6E-04 
6.5E-04 

3 . 3E-04 .. 1.9E-04 
1 . 4E-04 8.2E-05 
1.2E-04 7.OE-05 
1.OE-04 6.1E-05 
1.5E-04 8.7E-05 , 

4.1E-04 2.3E-04 
2 7E-04 1.5E-04 
3.63-04 2.OE-04 
3-43-04 1.9E-04 . 
3 . 2E-04 1.8E-04 
2 8E-04 1.7E-04 
4.23-04 2.33-04 
2.9E-04 1.6E- 
3.2E-04’ 1.8E- 
3.6E-04 2.OE-04 
6.53-04 3.73-04 

m 
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Aug 11, 1999 9:41 am 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
(All Radionuclides and Pathways) 

.Distance (m) 

Direction 1779 1331 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 

ssw 
S 

SSE 
. SE 
ESE 

E 
ENE 

14 L 
NNE 

2.OE-04 
8 . 5E-05 
7 3E-05 
6.3E-05 
9.1E-05 
2.4E-04 
1.6E-04 
2.1E-04 
2 OE-04 
1 9E-04 
1.7E-04 
2.4E-04 
1.7E-04 
1.9E-04 
2.12-6.3: 
3.9E-04 

3.1E-04 
1.3E-04 

9 7E-05 
1.4E-04 
3.8E-04 
2.5E-04 
3.4E-04 
3.1E-04 
3.OE-04 
2.7E-04 
3.9E-04 
2.7E-04 
3.OE-04 
j.36-U, 
6.1E-04 

l.lE-04 - 
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Aug 11, 1999 9:41 am 

INDIVIDUAL LIFETIME RISK (deaths) 
(All RadionucJides and Pathways) 

Pa .g;. 

Distance 

Direction 1246 1907 1513 1204 .-. 2178 869 ' 982 

N 
NNW 
Nw' 

WNW 
- W  

wsw 
sw 

ssw 
S 

SSE 
SE 

. ESE 
E 

ENE 
NE 

NNE 

4.5E-09 
1.9E-09 
1.6E-09 
1.4E-09 
2.OE-09 
5.5E-09 
3.6E-09 
4.5E-09 
4.5E-09 
4.3E-09 
3.8E-09 
5.6E-09 
3 . 9E-09 
4.3E-09 
4.8E-09 
8.8E-09 

2.3E-09 
9.6E-10 
8.2E-10 
7.1E-10 
1.OE-09 
2.8E-09 
1.8E-09 
2.4E-09 
2.3E-09 
2.1E-09 
2 . OE-09 
'2.8E-09 
2,OE-09 
2.2E-09 
2.4E-09 
4.5E-09 

3.3E-09 
1.4E-09. 
1.2E-09 
1.OE-09 
1.5E-09 
4 1E-09 
2.6E-09 
3.5E-09 
3.3E-09 
3.1E-09 
2.8E-09 
4 . 1E-09 
2.8E-09 
3.2E-09 
3.5E-09 
6.5E-09 

4.7E-09 
2 . OE-09 
1.7E-09 
1.4E-09 
2.1E-09 
5.9E-09 
3.7E-09 
5.2E-09 
4.8E-09 
4.6E-09 
4.OE-09 
5 . 9E-09 
4.1E-09 
4.6E-09 
5.1E-09 
9.3E-09 

1.8E-09 
7 . 8E-10 
6 . 7E-10 
5.8E-10 
8 . 4E-10 
2 . 2E-09 
1.5E-09 
1.9E-09 
1.8E-09 
1.7E-09 
1.6E-09 
2.3E-09 
1 6E-09 
1 . 8E-09 
1 . 9E-09 
3.7E-09 

8.1E-09 
3.5E-09 
2.8E-09 
2.4E-09 
3.5E-09 
1 . OE-08 
6.3E-09 
9.OE-09 
8.2E-09 
8.OE-09 
6.6E-09 
1.OE-08 
6.9E-09 
7.9E-09 
8.7E-09 
1.63-08 

6.6E-09 
2 . 8E-09 
2 . 3E-09 
2.OE-09 , 

2.8E-09 
8.1E-09 
5.2E-09 
7.3E-09 
6.6E-09 
6.4E-09 

6.433-09 
7.1E-09 
1.3E-08 

N 
NNW 
Nw 

WNW 
W 

w S z1: 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE 
NE 

5.8E-09 
2.5E-09 
2 . OE-09 
1.8E-09 
2.5E-09 
7.2E-09 
4.6E-09 
6.4E-09 
5.9E-09 
5.7E-09 
4.9E-09 
7.3E-09 
5.OE-09 
5.6E-09 
6.3E-09 

4.3E-09 
1.8E-09 
1 . 5E-09 
1.3E-09 
i. 9E-09 
5.3E-09 
3.4E-09 
4.7E-09 
4 . 4E-09 
4 . 2E-09 
3.7E-09 
5.4E-09 
3.7E-09 
4 . 2E-09 
4 . 6E-09' 
8.5E-09 

4 . 6E-09 
2 . OE-09 
1.6E-09 
1.4E-09 
2.OE-09, 
5.7E-05 
3.7E-09 
5.1E-09 
4.7E-09 
4.5E-09 
3 . 9E-09 
5.8E-09 
4.OE-09 
4.5E-09 
5.OE-0.9 
9.1E-09 

3 . 6E-09 
1.5E-09 
1.3E-09 
1.1E-09 
1.6E-09 
4.5E-09 
2.9E-09 
3 . 9E-09 
3.7E-09 
3 . 5E-09 
3 1E-09 
4.5E-09 
3.1E-09 
3 5E-09 
3 . 9E-09 
7.2E-09 

4.3E-09 
1 . 9E-09 
1 . 5E-09 
1.3E-09 
1.9E-09 
5.4E-09 
3.4E-09 
4.7E-09 
4 . 4E-09 
4 . 2E-09 
3 . 733-09 
5.4E-09 
3 8E-09 
4.2E-09 
4.7E-09 
8.6E-09 

4.33-09 . 
1.9E-09 

1.332-09 
1.9E-09 
5.3E-09 
3.4E-09 
4.7E-09 
4 . 4E-09 
3.7E-09 
5.4E-09 
3.8E-09 
4.2E-09 
4.7E-09 
8 . 6E-09 

1.5E-09 

4 2E-09 

2,. 433-09 
1.OE-09 
8.8E-10 
7.532-10 
1. 1E-09 
3.OE-09 
1.9E-09 
2.6E-09 
2.4E-09 
2.3E-09 
2 1E-09 
3.OE-09 ;::q 
2.6E- 
4.8E-09 



Aug 11, 1999 9:41 am 
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INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Direction 1779 1331 

N 
NNW 
Nw 

WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
Ll e' - 

NNE 

2.513-09 
1 1E-09 
9.1E-10 
7 9E-10 
1 1E-09 
3.1E-09 
2.OE-09 
2 7E-09 
2.5E-09 
2.4E-09 
2.2E-09 
3 2E-09 
2.2E-09 
2.4E-09 
2.7E-09 
5.OE-09 

4.OE-09 
1.7E-09 
1.4E-09 . 
1.2E-09 
1.8E-09 
5.OE-09 
3 2E-09 
4 4E-09 
4 e 1E-09 

3.5E-09 
5 OE-09 
3 5E-09 
3.9E-09 
4.3E-09 
7 9E-09 

.3 0 9E-09 
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1,329,000 0.002 10 -6 1 1 -.99 
I bs-so lids kg (En lbs-U lbs-U3’ 

1 1 ‘2.205 
Ibs-U lb-solids Ibs 

40 CFR PART 61.96@) - APPLICATION FOR APPROVAL 

15.8 
pCi 

1. Assumptions 

e 

e 

e 

e 

1,329,000 pounds of depleted uranium metal cores 
Depleted uranium metal cores are by weight ‘0.2% UZ3’ & rest UZ3’ 
Activity cfUZ3’ is 15.8 pCi / kg-U235 
Activity of Uz8 is 333.6 pCi / kg-Uzs 
Emission estimate from Appendix D, 40 CFR 61, for solid metal is 1 0-6 

Particulate control factor for HEPA filter control is 0.99 per Appendix D 
e Emissions are particulates 

e EF means emission factor 

Calculation of Uz5 & p8 Emissions 

UZ3’ Emissions 

e 

2. 

UB8 Emissions 

1,329,000 0.998 
Ibs-U 1 I b s - p ’  

10 -6 1 - .99 333.6 
lbs-solids I i g  I (En . I ~ c i  

= 1.905E-3 , 

pCi 

= 20.07 
pCi 

.. 



Distances to Offsite receptors 

' SOURCE: Bldg. 80 OEP Tank Breathing HEPA System 
N-S E-W 

-480080 -1380150 

0 F I L E :  do-dist.wk4 
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C A P  8 8 - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 

At This Location: 750 Meters North Northeast 
Source Category: DOE Facility - Remediation 

Source Type: Area 
.Emission Year; 1999 

S Y N O P S I S  R E P O R T  

Non-Radon Individual Assessment 
Oct 12, 1999 1:36 pm 

Facility: Fernald Environmental Management Project 
Address: ,7400 Willey Road 

Cityi Fernald 
State: OH Z i p :  45013 

Effective Dose Equivalent 
(mrem/(year) 

3.04E-03 

Comments: PACKAGING Enriched Ingots and Derbies in Bldg. 56 

Dataset Name.: BLDGS6pkgappl 
Dataset Date: Oct 12, 1999 1:35 pm 

Wind File: WNDFILES\FEMPSTD.WND 

- .  



Oct 12, 1999 1:36 pm SYNOPSIS 
Page 1 

MAXIMALLY EXPOSED INDIVIDUAL . 

Location Of The Individual: 
Lifetime Fatal Cancer Risk: 4.00E-08 

750 Meters North Northeast 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

GONADS 
BREAST 
RMAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

EFFEC 

4.373-06 ' 

5.08E-06 
,1.263-04 
2.443-02 
4.283-06 
1.633-03 
1.463-04 

3.04E-03 

. -  . .  
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SYNOPSIS 
Page 2 

O c t  12, 1999 1:36 pm 

--RADIONUCLIDE EMISSIONS DURING THE YEAR 1999 

Source 
#1 TOTAL 

Nuclide Class Size Ci/y Ci/y 

U-235 Y 1'.00 1.4E-07 1.4E-07 , 

U-238 Y 0.30 3.8E-05 3.8E-05 

SITE INFORMATION 

Temperature : 12 degrees C 
Precipitation: 102 cm/y 
Mixing Height: 950 m 

.. . 



. .  

Oct 12, 1999 1:36 pm 

Source 'Number : 

SOURCE INFORMATION 

1 

SYNOPSIS 
Page 3 

Source Height (m) : 
Area (sq m) : 

Plume Rise 
Momentum (m/s) : 
(Exit Ve 1 oc i t y 

' 5.00 
6.28E+02 

1.00E+00 

. .  

AGRICULTURAt DATA 

Vegetable Milk Meat 

'Fraction Home Produced: 0.700 0.399 .0.442 
Fraction From Assessment Area: 0.300 0.601 0.558 

Fraction Imported: 0.000 0.000 0.000 

Food Arrays were not generated for this run. 
Default Values used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

75'0 
13 83 

1089 1574 1339 1134 2370 1206 1446 1683 1741 
1351 2254 1510 1339 839 

. i ,  * 
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C A P 8 8 - P C  

. V e r s i o n  1.00 

C lean  A i r  A c t  Assessment .Package - 1988 

D O S E  A N D  R I S K  E Q U I V A L E N T .  S U M M A R I E S  

Non-Radon I n d i v i d u a l  Assessment 
O c t  12, 1999 1:36 pm 

F a c i l i t y :  F e r n a l d  E n v i r o n m e n t a l  Management P r o j e c t  
Address:  7400 W i l l e y  Road 

Cf iy Fsr.l.7 
S t a t e :  OH Z i p :  45013 

Source C a t e g o r y :  DOE F a c i l i t y  - Remed ia t i on  
Source Type: Area 

Emiss ion  Year: 1999 

Comments: PACKAGING E n r i c h e d  I n g o t s  and D e r b i e s  in B j d g .  56 

Da t a s  e t  Name : 
Oatase t  Date:  O c t  12, 1999 1:35 pm 

Wind F i l e :  . WNDFILES\FEMPSTD.WND 

B LDG56pkgappl 



. .  

a. 
O c t  12, 1999 1:36 prn SUMMARY 

Page 1 

ORGAN DOSE EQUIVALENT SUMMARY 

Organ 

Se lec ted  
I n d i v i d u a l  

(mrern/y) 

GONADS 
BREAST 
R MAR 
LUNGS 
THY RO I D 
ENOOST 
RMNDR 

EFFEC 

4.37E-06 
5.08E-06 
1.26E-04 
2.44E-02 
4.28E-06 
1.63E-03 
1.46E-04 

3.04E-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Sel  ec ted  
I n d i v i d u a l  

Pathway ( m r  em/y I 

INGESTION 1; 04E-04 
INHALATION 2.93 E-03 
A I R  IMMERSION 5.95E-12 
GROUND SURFACE 3.33E-07 
INTERNAL 3.04E-03 
EXTERNAL 3.33E-07 

TOTAL . .3.04E-03 

0 



_ .  

Oct  12 ,  1999 1:36 prn 

NUCL1.DE EFFEETIVE -DOSE EQUIVALENT SUMMARY 

S e l e c t e d  
I n d i v i d u a l  

N u c l i d e  (mrern/y 1 

U-235 
U - 238 

TOTAL 

3 0 0 4  

SUMMARY ' . 

Page 2 . 

7 .17E-06  
3 .03E-  03  

3.04E- 03  



O c t  12, 1999 1:36 pm 

CANCER R I S K  SUMMARY 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

Cancer F a t a l  Cancer R i s k  

L EUKEM I A 
BONE 

' THYROID 
BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY. 
OTHER 

1.59E-10 
8.78E-11 
8.16E- 13 
9.93E- 12 
3.94E- 08  
6.31E-12 
1.28E-11 
5.19E- 12 
4.10E- 12 
3.18E- 10 
5.01E-12 

TOTAL 4.00E-08 

PATHWAY R I S K  SUMMARY 

S e l e c t e d  I n d i v i d u a l  
T o t a l  L i f e t i m e  

Pathway F a t a l  Cancer R i s k  ; 

INGEST I ON 5.76E-10 
INHALATION 3.94E-08 
A I R  IMMERSION 1.37E-16 
GROUND SURFACE 7.40E-12 
INTERNAL 4.00E-08 
EXTERNAL . 7.40E-12 

TOTAL 4.00E-08 

SUMMARY 
Page 3 



Oct 12, 1999 ' 1:36 prn 

. .  

N u c l i d e  

U-235 
U-238 

TOTAL 

NUCLIDE RISK SUMMARY 

S e l e c t e d  I n d i v i d u a l  
Tota l  Lifetime 

Fatal  Cancer  R i s k  

9.42E-11 
3.99E-08 

4.00E-08 

\ 

3 0 0 4  

SUMMARY 
Page 4 
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. O c t  12, 1999' 1:36 pm 

- 

SUMMARY 
Page 5 

INOIVIGJAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
( A l l  R a d i m u c l i d e s  and Pathways) 

D is tance  (m) 
~~~ -~ 

D i  r e c t i o n  750 1089 1574 1339 1134 2370 1206 

N 
NNW 

NW 
WNW 

. w  
wsw 

sw 
ss'vl 

S 
SSE 

SE 
ESE 

E 
EN E 

N E  
NN E 

1.6E-03 
6.7E-04 
5.5E-04 
4.8E-04 
6.9E- 04 
1.9E-03 
1.2E-03 
1'.7E-03 

,1.6E-03 
1.5E-03 
1 .3 E.- 03 
2.OE-03 
1.4E-03 
1.5E-03 
1.7E-03 
3.OE-03 

8.3E- 04 
3.5E-04 
3.OE-04 
2.6E-04 
3.8E-04 
1 .OE-03 
6.7E-04 
8.9E-04 
8.4E-04 
8.OE-04 
7.3E- 04 
1.OE-03 
7.3E-04 
8.OE-04 
8.8E-04 
1.6E-03 

4.5E-04 
2.OE-04 
1.7E-04 
1.5E-04 
2.1E-04 
5.6E-04 
3.7E-.04 
4.8E-04, 
4.6E-04 
4.4E- 04 
4.1E-04 
5.8E-04 
4.OE-04 
4.4E- 04. 
4.8E-04 
9.1E-04 

5.9E-04 
2.5E-04 

1.9E-04 
2.8E-04 
7.3E-04 
4.8E-04 
6.3E-04 . 
6.OE-04 
5 .7 E.- 0 4 
5.3E- 04 
7.5E- 04 
5.2E-04 
5.7E-04 
6.3E-04 
1.2E-03 

2.2E-04 

7.7E-04 
3.3E-04 
2.8E-04 
2.4E-04 
3.6E-04 
9.6E-04 
6.3E-04 
8.3E-04 
718E-04' 
7.5E-04 
6.9E-04 
9.8E-04 
6.8E-04 
7.5E-04 
8.3E-04 
1 SE-03  

' 2.4ET04 
1 .OE-04 
9.1E-05 
7.9 E - 0 5' 
1.1E-04 

1.9E-04 
2.5E-04 
,2.4E-04 
2.2E-04 
2.2E-04 
3.OE-04 
2.1E-04 
2.3E-04 
2.5E-04 
4.7E-04 

2'.9E-04 

7.OEZ04 
3 .OE-04 
2.5E-04 
2.2E-04 
3.2E-04 
8.7E-04 
5.7E-04 
7.5E-04 
.7.1E-04, 
6 3 E - 0 4  
6.2E-04 
8.9E- 04 
6.2E-04 : 
6.8E-04 
7.5E-04 
1.4E-03 

Dis tance  (m)  

Oi r e c t i  on 1446 1683 1741 1383 1351 2254 1510 

' N  
NNW 

NW 
WNW 

W 
wsw 
sw 

ssw 
S 

SS E 
SE 

ES E 
E 

EN E 

5.2E-04 
2.2E-04 
.1.9€-04 
1.7E-04 
2.4E-04 
6.4E-04 
4.2E-04 
5.6E-04 
5.3E-04 
5.OE-04 
4.7E-04 
6.6E-04 
4.6E-04 
5.OE-04 
5.6E-04 
1 . O b 0 3  

4.1E-04 
1.8E-04 
1.5E-04 
1.3E-04 
1.9E-04 
5.OE-04 
3.3E-04 
4.3E-04 
4. I E - 0 4  
3.9E-04 
3.7E-04 
5.2E-04 
3.6E-04 
3.9E -04 -  
4.3E -04 
8.2E-04 

3.9E-04 
1.7E-04 
1.5E-04 
1.3E-04 
1.8E-04 
4.8E-04 
3.2E-04 
4.1E-04 
3.9E-04 
3.7E-04 
3.5E-04 
4.9E-04 
3.4E-04 
3.7E-04 
4.1E-04 
7.7E-04.. 

5.6E-04 
2.4E-04 
2.1E-04 
1.8E-04 
2.6E-04 
6.9E-04 
4.6E-04 
6.OE-04 
5.7E-04 
5.4E-04 
5.1E-04 
7.1E-04 
5.OE-04 
5.4E-04 
6.OE-04 
1.1E-03 

5.8E-04 
2.5E-04 
2.1E-04 
1.8E-04 
2.7E- 04 
7.2E-04 
4.7E-04 
6..2E-04 
5.9E-04 
5.6E-04 
5.2E-04 
7.4E-04 
5.2E-04 
5.6E-04 
6.2E -04 
1.2E-03 

2.6E-04 
1.1E-04 
9 . 8 , E  - 0 5 
8.5E-05 
1.2E-04 
3 .,l E- 04 
2.1E-04 
2.7E-04 
2.6E-04 
2.4E-04 
2.4E-04 
3.2E-04 

2.5E-04 
2.7E-04 
5.1E-04 

2.3E-04 

4.9E-04 
2.1E-04 
1.8E-04 
1.6E-04 . 
2.3E- 04 
6.OE-04 
4.OE-04 
5.2E-04 ' 

4.9E-04 
4.7E-04 
4.4E-04 
6.26-04 
4.3E-04 
4.7E-04 . 

5.2E -04 
9.7E-04 



Oct 12, 1999 1:36 pin SUMMARY 
Page 6 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrein/y) 
(-Al-l- Radionuclides and Pathways)- 

Distance (in) 

Direction 1339 ., 839 

N 
NNW . 

NW 
WNW 

W 
wsw 

sw 
ssw 

S 
SSE 

SE 
ESE 

E 
EN E 

N E  
NN E 

5.9E-04 
2.5E-04 
2.2E-04 

, 1.9E-04 
2.8E-04 
7.3E-04 
4.8E-04 
6.3E-04 
6.OE-04 
5.7E-04 
5.3E-04 
7 .5E-04 

. 5.2E-04 
5.7E-04 
6.1E-GA 
1.2E-03 

1.3E-03 
5.5E-04 
4.5E-04 
4.OE-04 
5.8E-04 
1.6E-03 
1 .OE-03 
1.4E-03 
1.3E-03 
.1.3 E-03 
1.1E-03 
1.6E-03 
1.1E-03 
1.3E-03 
-. 1 4E-03 
2.5E-03 

. .  



Oct 12, 1999 1:36 pm 

1NDI.VIDUAL LIFETIME. R I S K  (dea ths )  
( A l l  Radionuc l ides  and Pathways) 

SUMMARY 
Page 7 

Dis tance (rn) 

D i r e c t i o n  750 1089 1574 1339 1134 2370 1206 

N 2.1E-08 l . l E - 0 8  5.9E-09 
NNW 8.8E-09 4.6E-09 2.5E-09 

NN 7.2E-09 3.9E-09 2.2E-09 
WNW 6.3E-09 3.3E-09 1.9E-09 

W 9.1E-09 4.9E-09 2.7E-09 
w s w  2.6E-08 1.3E-08 7.3E-09 

SW 1.6E-08 8.7E-09 4.8E-09 
ssw 2.3E-08 1.2E-08 6.3.E-09 

S 2. lE-08  l . l E - 0 8  6.OE-09 
SSE 2.OE-08 1.OE-08 5.7E309 

SE 1.7E-08 9.5E-09 5.4E-09 
ESE 2.6E-08 1.4E-08 7.5E-,09 

E 1.8E-08 9.5E-09 5.2E-09 
EN E 2.OE-08 1.OE-08 5.7E-09 

N E  2.2E-08 1.2E-08 6.3E-09 
NNE 4.OE-08 2.1E-08 1.2E-08 

. 7.7E-09 
3.3E-09 
2.8E-09 
2.4E-09 
3.6E-09 
9.5E-09 
6.2E-09 
8.3E-09 
7.8E-09 
7.4E-09 
6.9E-09 
9.8E-09 
6.8E-09 
7.5E-09 
8.2E-09 
1.5E-08 

1.OE-08 
4.3E-09 
3.6E-09 
3.1E-09 ' 

4.6E-09 
1.3E-08 
8.2E-09 
1.1E-08 
1.OE-08 
9.8E-09 
9.OE-09 
1.3E-08 
8.9E-09 
9.8E-09. 
1.1E-08 
2.OE-08 

3.OE-09 
1.3E-09 
1.1E-09 
9.7E-10 
1.4E-09 
3.7E-09 
2.5E-09 
3.2E-09 
3.OE-09 
2.8E-09 
2.8E-09 
3.8E-09 
2.7E-09 
2.9E-09 
3.2E-09 
6.1E-09 

9.1E-09 
3.9E-09 
3.3E-09 
2.8E-09 
4 .2E-09 .  
1.1E-08 
7.4E-09 
9.8E-09 
9.2E-0.9 
8.8E-09 
8.2E-09 
1.2E-08 
8.1E-09 
8.9E-09 
9.8E-09 
1.8E-08 

D is tance (rn) 

D i r e c t i o n  1446 1683 1741. 1383 1351 ' ' 2254 1510 
~~~ 

N 
NNN 

NY 
WNN 

W 
wsw 

s w  
ssw 

S 
SSE 

SE 
ESE 

E 
EN E 

NE 
NN E 

6.8E-09 
2.9E-09 
2.5E-09 
2.1E-09 
3; 1E-09 
8.4E-09 
5.5E-09 

6.9E-09 
6.5E-09 
6.1E-09 
8,. 6E-09 
6.OE-09 
6.6E-09 
7.3E-09 
1.4E-08 

7.3E-09 

5.3E-09 
2.2E-09 
1.9EyO9 
1.7E-09 
2.5E-09 
6.6E-09 
4.3E-09 
5.6E-09 
5.3E-09 
5.1E-09 
4.8E-09 
6.7E-09 
4.7E-09 
5.1E-09 
5.6E-09- 
l . l E - 0 8  

5.OE-09 
2.l'E-09 
1.8E-09 
1.6E-09 

6.2E-09 
4.1E-09 
5.3E-09 
5.1E-09 
4.8E-09 
4.6E-09 
6.4E-09 
4.4E-09 
4.8E-09 
5.3E-09 
1.OE-08 

2.3E-09 

7.3E-09 
3.1E-09 
2.6E-09 
2.3E-09 
3..4E-09 
9.OE-09 
5.9E-09 
7.8E-09 
7'.4E-09 
7.OE-09 
6.6E-09 
9.3E-09 
6.5E-09 
7.1E-09 
7.8E-09 
1.5E-08 

7.6E-09 3.3E-09 
3.2E-09 1.4E-09 
2.7E-09 1.2E-09 
2.4E-09 1.OE-09 
3.5E-09 1.5E-09 
9.4E-09 4.1E-09 
6.2E-09 2.7E-09 
8. lE-09 3.5E-09 
7.7E-09 3.3E-09 
7.3E-09 3.1E-09 
6.8E-.09 3.OE-09 
9.6E-09 . 4.2E-09 
6.7E-09 2.9E-09 
7.3E-09 3.2E-09 
8.1E-09 3.5E-09 
1.5E-08 6.7E-09 

6.3E-09 
2.7E-09 
2.3E-09 
2.OE-09. . 
2.9E-09 
7.8E-09 
5.1E-09 
6.8E-09 
6.4E-09 
6.1E-09 
5.7E-09 
8.OE-09 
5.6E-09 
6.1E-09 
6.7E-09 
1.3E-08 



0 Oct 12,  1 9 9 9 .  1:36 pm 

3 0 0 4  

SUMMARY 
Page 8 

I N D I V I D U A L  L I F E T I M E  R I S K  (deaths) 
( A 1  1 Radionuclides and  Pathways) 

Distance (m) 

Direction 1339 839  

N 
NNW 

NW 
WNW 

W 
wsw 

sw 
ssw 

S 
S S E  

S E  
ESE . 

E 
EN E 
, N E  

W N i 

7 .7E-09  1 . 7 E - 0 8  
3.3E-09 7 .2E-09  
2 .8E-09  5 .9E-09  
2.4E-09 5 .2E-09  
3 .6E-09  7 .5E-09  
9.5E-09 2 . 1 E - 0 8  
6.2E-09 1 . 4 E - 0 8  

7.8E-09 1 .7E-08  
7 .4E-09  1 .7E-08  
6 .9E-09  , 1 . 4 E - 0 8  
9 .8E-09  2 . 1 E - 0 8  
6.8E-09 1 . 5 E - 0 8  
7.5E-09 1 . 6 E - 0 8  
8 .2E-09  1 . 8 E - 0 8  
i.5E-08 3.3E-98 

a . 3 ~ - 0 9  i . 8 ~ - 0 8  



40 CFR PART 61.96(b) - APPLICATION FOR APPROVAL FOR BUILDING 56 

253.276 0.0125 10 .6 1 
lbs-U lbs-UBs Ibs-solids kg 

i 1 2.205 
Ibs-U, lb-solids lbs 

1. Assumptions - 

98.8 
pCi 

k g - v ’  

0 

0 

46,270 pounds of enriched uranium metal ingots 
207,006 pounds of enriched uranium metal derbies 
Enriched uranium metal cores are by weight 1.25% PS & rest P8 
Activity of p5 is Correction Factor (1.2Y.2) * 98.8 pCi / kg-U’’ 
Activity ofUz8 is 333.6 pCi / kg-Uu8 
Emission estimate from Appendix D, 40 CFR 61, for solid metal is l o 6  

0 Emissions are particulates 
0 EF means emission factor 

. 253,276 0.9875 10 1 
Ibs-U l b s - V 5  lbs-solids kg 

1 1 2.205 
lbs-U lb-Solids .lbs 

2. Calculation of p5 & p8 Emissions 

333.6 
pCi 

kg-ua5 

= 0.142 
pCi 

= 37.84 
pCi 



Y 

FEMP RECEPTOR LOCATOR PROGRAM 
Dis tances  t o  O f f s i t e  receptors  - 

SOURCE: Building 56 
N - S  E-W 

. _  
481700 1380500 

- 

r N - S  E-W DI STAN C E 1 

.. . 

F I  LE : d o  - d i  st. w k 4  

3 0 0 4 .  



3 0 0 4  

BUILDING 12, TANK FARM,/ MAINTENANCE D&D PROJECT 



S;lJ,+ LL 
Tank FardMaintenance D&D Project 

Distances to  Receptors 

Direction 
N 
NNW 
NW 
WNW 
W 
wsw 
sw 
ssw 
S 
SSE 
SE 
ESE 
E 
ENE 
NE 
NNE 

Distance 
986 
973 

1848 
1360 
21 56 
1258 
1400 
1499 
1465 
1473 
1529 
1086 
1721 
1420 
1365 

959 



C A P 8 8  - P C  

Version 1.00 

Clean Air Act Assessment Package - 1988 . 

S Y N O ‘ P S I S  R E P O R T  

Non-Radon Individual Assessment 
Aug 26, 1997 2:49 pm 

Facility: Fernald Environmental Management Project 
Address: P.O. Box 398704 

7400 Willey Road 
city: Cincinnati State: OH Zip: 25253-8704 

Effective Dose Equivalent 
(-ern/ year) 

2.49E-03 

At This Location: 959 Meters North Northeast 

Source Category: Remediation Site 
Source Type: Area 

Emission Year: 1997 

Comments: Monitor Determination for Tank Farm, 
Maint. Blgd D&D Project 

Dataset Name: tankfadmaintbl 
Dataset Date: Aug 26, 1997 2:49 pm 

Wind File: WNDFILES\FEMPSTD.WND 



;1g 26, 1997 2:49 pm 

0 
- Location 

- Li-fet ime 

SYNOPSIS 
-Page 1 

3004 
MAXIMALLY EXPOSED INDIVIDUAL 

Of The Individual: 
Fatal Cancer Risk: 3.22E-08 

959 Meters North Northeast 

ORGAN DOSE EQUIVALENT SUMMARY 

organ 

Dose 
Equivalent 
(=-/Y 1 

GONADS 
BREAST 
R 'MAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

6 .10E-06 
7.05E-06 
1.80E-04 
1.94E-02 
5.95E-06 
2.333-03 
2.08E-04 

. EFFEC 2.49E-03 

a -  



.AUg 2 6 ,  1997 

Wclide 

3-238 
iJ-235 
iJ-234 

' !  
I .  

Class 

2:49 pm 

RADIONUCLIDE 

Sour'ce 
fl 

S i z e  Ci/y 
- . -  

1.00 7.5E-05 
1.00 1.5E-07 
1.00 1.5E-OS 

EMISSIONS 

TOTAL 
C i / Y  

DURING THE YEAR 1997 

7.5E-05 
1.5E-07 
1.5E-08 

. .  

SITE INFORMATION 
Temperature : 12 degrees C 

Precipitat ion : 102 cm/y 
Mixing Height: 950 m 

. .  

SYNOPSIS 
Page 2 



Aug 26, 1997 ,2:49 pm SYNOPSIS 30 0 4  Page 3 

Source Number: 

Source Height (m): 
Area (sq m) : 

P l u m e  R i s e  
Momentum ( m / s )  : 
( E x i t  V e l o c i t y )  

SOURCE INFORMATIOH 

1 - 
3.00 

2.71E+04 

2 . 00E+00 

AGRICULTURAL DATA 

V e g e t a b l e  Milk - 
F r a c t i o n  Home P r o d u c e d :  0.700 0.399 

F r a c t i o n  From A s s e s s m e n t  Area: 0 . 3 0 0  0 . 6 0 1  F r a c t i o n  Imported: 0.000 0 .000  

986 
1529 

1 

Meat - 
0.442 
0 .558  
0.000 

F o o d  Arrays w e r e  not generated for t h i s  run. 
"uafzult V a l u e s  used. 

DISTANCES USED FOR MAXIMUM INDIVIDUAL ASSESSMENT 

973 1848 1360 2156 1258 1400 1499 1465 1473 1086 1721 1420 1365 959 
0 

. .  



D O S E  A N D  R I S K  E Q U I V A L E N T  S U M M A R I E S  

Non-Radon Individual Assessment 
Aug 26, 1997 2:49 pm 

Facility: Fernald Environmental Management Project 
Address: P.O. Box 398704 

7400 Willey Road 
city: Cincinnati State: OH Zip: 25253-8704 

Source Category: Remediation Site 
Source Type: Area 

Emission Year: 1997 

Comments: Monitor Determination for Tank Farm, 
Maint. Blgd D&D Project 

Dataset Name: tankfarm/maintbl 
Dataset Date: Aug 26, 1997 2:49 pm 

Wind File: WNDFILES\FEMPSTD.WND 



ORGAN DOSE EQUIVALENT SUMMARY 

orga-n 

Selected 
Individual 
(=em/Y> ' 

GONADS 
BREAST 
RMAR 
LUNGS 
THYROID 
ENDOST 
RMNDR 

6.10E-06 
7.05E-06 
1.80E-04 
1.94E-02' 
5.95E-06 
2.33E-03 
2.08E-04 

EFFEC 2.493-03 

PATHWAY EFFECTIVE DOSE EQUIVALENT SUMMARY 

Selected 
Individual 

Pathway W e W Y  1 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

1.52E-04 
2.3433-03 
4 97E-12 
3.61E-07 
2.493-03 
3.61E-07 . 

2.49E-03 

. .. ' 'j : t, 2, .. .. _.,. : 
$. 

. .  . .. 



NUCLIDE EFFECTIVE DOSE EQUIVALENT SUMMARY 

Nuclide 

U-238 
U-235 
U-234 

TOTAL 

Selected 
Individual 

(-=rn/Y) - 
2.483-03 
5.3 1E-06 
5.443-07 

2.493-03 . 

\ 

SUMMARY 
Page 2 



I 

CANCER RISK SUMMARY 

Aug 26, 1997 2:49 pm 

- 

cancer 

LEUKEMIA 
BONE 

BREAST 
LUNG 
STOMACH 
BOWEL 
LIVER 
PANCREAS 
URINARY 
OTHER 

TOTAL 

THYROID 

Pathway 

Selected Individual 
Total Lifetime 

Fata-l; Cancer. Risk 

2.26E-10 
1.25E-10 
1.10E-12 
1 . 3 5E-11 
3 . 14E-08. 
8 . 47E-12 
1.58E-11 
6 . 9731-12 
5.62E-12 
4.55E-10 
6.873-12 

3.2231-08 

PATHWAY RISK SUMMARY 

Selected Individual 
Total Lifetime 

Fatal Cancer Risk 

INGESTION 
INHALATION 
AIR IMMERSION 
GROUND SURFACE 
INTERNAL 
EXTERNAL 

TOTAL 

8.39E-10 
3.14E-08 ' 
1.13E-1'6 
7.90E-12 
3.22E-08 
7.90E-12 

3.22E-08 



Aug 2 6 ,  19371 - .  2:49 pm 

Nuclide 

U-238 
U-235 
U-234 

. TOTAL 

NUCLIDE RISK S-Y 

Selected Individual 
T o t a l  L i f  e t d e  

F a t a l  Cancer R i s k  

3.223-08 
6.96E-11 
6.99E-12 

3.22E-08 

SUMMARY 
Page 4 



INDIVIDUAL EFFECTIVE DOSE' EQUlaALENT RATE (mrem/y) 
[ A l l  Radionuclides and Pathways) 

*. 

Distance (m) 

- -  - -  - -  . - - - . _  - - - - _ .  

Direct ion 986 973 1848 1360 2156 1258 1400 

N 
NNW 
NW 

. WNW 
W 

wsw 
sw 
ssw 
S 

SSE 
SE 

ESE 
E 

ENE 0 - NE 
NNE 

1.2E-03 
5.012-04 
4 . 4E-04 
3.8E-04 
5.6E-04 
I. 5E-03 
9.7E-04 
1.3E-03 
1.2E-03 
1.1E-03 
1.U-03 
1.5E-03 
I. 1E-03 
1.1E-03 
1.3E-03 
2 . 4E-03 

1.2E-03 
5.1E-04 
4.5E-04 
3.8E-04 
5.8E-04 
1.5E-03 
9.9E-04 
1.3E-03 
1.2E-03 
1.2E-03 
1.1E-03 
1 6E-03 
1.1E-03 
1.2E-03 
1.3E-03 
2.4E-03 

4.3E-04 
1.9E-04 
1.7E-04 
1.4E-04 
2 ;1E-04 
5.2E-04 
3.5E-04 
4.5E-04 
4.3E-04 
4.1E-04 
4.OE-04 
5.4E-04 
3.8E-04 
4.1E-04 
4 . 5E-04 
8 . 5E-04 

7.OE-04 
3.OE-04 
2.6E-04 
2.3E-04 
3.433-04 
8.6E-04 
5.8E-04 
7.4E-04 
7.1E-04 
6 7E-04 
6.5E-04 
8.9E-04 
6.3E-04 
6.8E-04 
7.5E-04 
1.4E-03 

3 3E-04 
1.5E-04 
1 - 3E-04 
1.1E-04 
1 . 7E-04 
4 . 1E-04 
2.8E-04 
3.5E-04 
3.4E-04 
3.2E-04 
3.1E-04 
4.2E-04 
3.OE-04 
3 2E-04 
3.5E-04 
6.7E-04 

7.9E-04 
3 a 4E-04 
3 . OE-04 
2 6E-04 
3 . 8E-04 
9 . 8E-04 
6 . 5E-04 
8 . 4E-04 
8.OE-04 
7.6E-04 
7 4E-04 
1.OE-03 
7. IE-04 
7.7E-04 
8.5E-04 
1.6E-03 

6.7E-04 , 

2 . 9E-04 
2.5E-04' 
2.2E-04 
3 . 2E-04 
8.2E-04 
5. SE-04 
7.OE-04 
6.8E-04 
6 . 4E-04 
6 2E-04 
8.5E-04 
6 . OE-04 
6.5E-04 
7 . 1E-04 
1.3E-03 

Distance (m) 

1420 Direction 1499 1465 1473 1529 ' 1086 1721 

N 
NNW 
NW 

W N W  
W 

wsw 
SW 

ssw 
S 

SSE 
SE 
ESE 
E 

ENE 
NE @ NNE 

6.033-04 
2.6E-04 
2.3E-04 
2.OE-04 
2.9E-04 
7.3E-04 
4.9E-04 
6.3E-04 
6.OE-04 
5.7E-04 
5.6E-04 
7.6E-04 
5.4E-04 
5.8E-04 
6.4E-04 
1.2E-03 

- -  

6.2E-04 
2.7E-04 
2.4E-04 
2.OE-04 
-3 ;OE-04 
7.6E-04 
5.m-04 
6.5E-04 
6.3E-04 
5.9E-04 
5.8E-04 
7.9E-04 
5.6E-04 
6.OE-04 
6.6E-04 
1.2E-03 

6. IE-04 
2.6E-04 
2.3E-04 
2.OE-04 
-3.OE-04 
7.6E-04 
5 1E-04 
6.5E-04 
6.2E-04 
5.9E-04 
5.7E-04 
7.8E-04 
S.5E-04 
5 9E-04 
6.5X-04 
1.2E-03 

5.8E-04 
2.92-04 
2.2E-04 
1-9E-04 
2.8E-04 
7 . IE-04 
4 . 8E-04 
6.1E-04 
5.9E-04 
5.5E-04 
5 4E-04 
7 . 4E-04 
5 - 2E-04 
5.6E-04 
6 . 2E-04 
1.2E-03 

1.OE-03 
4.3E-04 
3.7E-04 
3.2E-04 
4.8E-04 
1-2E-03 
8.3E-04 
l.lE-03 
1.OE-03 
9 . 8E-04 
9.3E-04 
1.3E-03 
9.1E-04 
9.8E-04 
1.1E-03 
2.OE-03 

4.8E-04 
2. IE-04 
1.8E-04 
1 . 6E-04 
2..3E-04 
5.9E-04 
3 . 9E-04 
5 . OE-04 
4.8E-04 
4.6E-04 
4 e 5E-04 
6 . IE-04 
4 . 3E-04 
4 6E-04 
5.m-04 
9 . 6E-04 

6.5E-04 
2.8E-04 
'2.5E-04 
2 . 1E-04 
3.2E-04 
8 .OE-04 
5.4E-04 
6.9E-04 
6.6E-04 
6.3E-04 
6.1E-04 
8.3E-04 
5.9E-04 
6.3E-04 
6.9E-04 
1.3E-03 



Aug 26, 1.997 : ‘ 2 : 4 9  pm SUMMARY 
Page 6 

INDIVIDUAL EFFECTIVE DOSE EQUIVALENT RATE (mrem/y) 
( A l l  Radionuclides and Pathways) 

Distance (In) 

1365 959 

N 7.OE-04 1.2E-03 
NNW 3,OE-04 5.3E-04 
NW 2.63-04 4.6E-04 

WNW 2.3E-04 3.96-04 
W 3.4E-04 5.9E-04 

wsw 8.6E-04 1.5E-03 
sw 5.7E-04 1.OE-03 
ssw 7.3E-04 1.3E-03 
S 7.OE-04 1.3E-03 

SSE 6.7E-04 1.2E-03 
SE 6.5E-04 1.1E-03 

ESE 8.933-04 1.6E-03 
E -  6.3E-04 1.1E-03 

ENE 6.7E-04 l. 2E-03 
- NE 7.43-04 1.3E-03 

NNE 1.4E-03 2.5E-03 



Aug 26, 1997 2:49 pm S-Y 
Page 7 '30 0 4  -- - 

INDIVIDUAL LIFETIME RISK (deaths) 
( A l l  Radionuclides and Pathways) 

I Distance (m) 
I 

Direction 986 973 1848 1360 2156 1258 14-00 . 
I 

N 
NNW 

NW 
WNW 

w 
wsw 
sw 

ssw 
S 

SSE 
SE 

ESE 
E 

ENE @ - NE 
NNE 

1.5E-08 
6.4E-09 
5.5E-09 
4 . 7E-09 
7.2E-09 
1.9E-08 
1.2E-08 
1.6E-08 
1.5E-08 
1 . 5E-08 
1.4E-08 
2.OE-08 
1.4E-08 
1. SE-08 
1.6E-08 
3.1E-08 

1.6E-08 
6.5E-09 
5.7E-09 
4.9E-09 
7.3E-09 
1.9E-08 
1.3E-08 
1.7E-08 
1.6E-08 
1.5E-08 
1.4E-08 
2.OE-08 
1.4E-08 
1.5E-08 
1.7E-08 
3.1E-08 

5.4E-09 
2.3E-09 
2.OE-09 
1.7E-09 
2.6E-09 
6.6E-09 
4.4E-09 
5.7E-09 
5.4E-09 
5.1E-09 
5.OE-09 
6.9E-09 
4.8E-09 
5.2E-09 
5.7E-09 
1.1E-08 

8.93-09 4.23-09 
3 . 8E-09 1.8E-09 
3.3E-09 1 6E-09 
2.8E-09 , 1.4E-09 
4.2E-09 2.OE-09 
1. IE-08 5.1E-09 
7.3E-09 3-43-09 
9.4E-09 4.43-09 
9.OE-09 4.2E-09 
8.6E-09 3.9E-09 
8 . 3E-09 3.9E-09 
1.1E-08 5.3E-09 
8.OE-09 3.7E-09 
8.6E-09 4.OE-09 
9 . 5E-09 4 ..4E-09 
1.8E-08 8.53-09 

1.OE-08 
4.3E-09 
3 ..7E-09 
3.2E-09 
4 . 8E-09 
1.3E-08 
8 . 3E-09 
1.m-08 
1 . OE-08 
9 . 8E-09 
9 . 4E-09 
1.3E-08 
9 1E-09 
9 . 8E-09 
1. IE-08 
2.1E-08 

8-53-09, 
3 6E-09 
3.1E-09 
2 . 7E-09 
4 . OE-09 
1 . 1E-08 
7 . OE-09 
9.OE-09 
8.6E-09 
8.2E-09 
7 . 9E-09 
1. LE-08 
7 . 6E-09 
8.2E-09 
9 . 1E-09 
I. 7E-08 

Distance (m) 

Direct ion 1499 1465 1473 1529 1086 1721 1420 

N 
NNW 

NW 
WNW 

w 
wsw 
sw 
ssw 

S 
SSE 
SE 
ESE 

E 
ENE 
NE 

NNE 

7.6E-09 
3.2E-09 
2.8E-09 
2.4E-09 
3.6E-09 
9.4E-09 
6.2E-09 
8.OE-09 
7.7E-09 
7.3E-09 
7.1E-09 
9.7E-09 
6.8E-09 
7.3E-09 
8.1E-09 
1.5E-08 

7.9E-09 
3.3E-09 
2.9E-09 
2.5E-09 
3.8E-09 
9.8E-09 
6. 5E-09 
8.3E-09 
8.OE-09 
7.5E-09 
7.3E-09 
1.OE-08 
7.1E-09 
7.6E-09 
8.4E-09 
1.6E-08 

7.8E-09 7.4E-09 
3.3E-09 3.1E-09 
2.9E-09 2.7E-09 
2.5E-09 2.3E-09 
3.7E-09 3.5E-09 
9.7E-09 9 . 1E-09 
6.4E-09 6 . OE-09 
8 3E-09 7.8E-09 
7.9E-09 7 . 4E-09 
7.5E-09 7.OE-09 
7.3E-09 6-8B-09 
1.OE-08 9.4E-09 
7.OE-09 6.6E-09 
7.6E-09 7.1E-09 
8.3E-09 ' 7.8E-09 
1.6E-08 1.5E-08 

1.3E-08 
5 .'4E-09 
4.7E-09 
4.OE-09 
6.1E-09 
1.6E-08 
1.1E-08 
1.4E-08 
1.3E-08 
1.3E-08 
1.2E-08 
1.7E-08 
1.2E-08 
1.3E-08 
1.4E-08 
2.6E-08 

6.1E-09 
2.6E-09 
2.3E-09 
1.9E-09 
2 . 9E-09 
7.5E-09 
5.OE-09 
6 . 4E-09 
6.1E-09 
5 . 8E-09 
5 . 6E-09 
7.7E-09 
5.4E-09 
5 . 8E-09 
6.4E-09 
1.2E-08 

8.3E-09 
3 . 5E-09 
3 0 1E-09 
2.6E-09 
3.9E-09 
1.OE-08 
6.8E-09 
8.8E-09 
8 . 4E-09 
8.OE-09 
7.7E-09 
1 . 1E-08 
7 . 5E-09 
.8.OE-09 
8 . 9E-09 
1.7E-08 

-. . , . . . ._ . , . : ' ? , .  
,: . I : .  



Aug 26, 1997 2:49 pm 
.' '.. 

INDIVIDUAL LIFETIME RISK (deaths) 
(All Radionuclides and Pathways) 

Distance (m) 

Direction 13 65 959 

N 8.973-09 1.6E-08 
NNW 3.7E-09 6.7E-09 
NW 3.3E-09 5 . 8 E - 0 9  

WNW 2.83-09 5.OE-09 

wsw l.lE-08 2.OE-08 
sw 7.3E-09 1.3E-08 
ssw 9.4E-09 1.7E-08 
S 9.OE-09 1.6E-08 

SSE 8.5E-09 1.6E-08 
SE 8.2E-09 1.5E-08 

ESE 1.1E-08 2.1E-08 
E 8.OE-09 1.4E-08 

ENE 8.63-09 1.6E-08 
- NE 9.5E-09 1'. 7E-08 
NNE 1.8E-08 3.233-08 

W 4.2E-09 7.5E-09 . 

. .  



APPENDIX E 

SPLIT/CO-LOCATED SAMPLING COMPARISON WITH OEPA \ 
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3004 
LIST OF ACRONYMS 

DOE U.S. Department of Energy 
OEPA Ohio Environmental Protection Agency 

pCi/L picoCuries per liter 
pg/L micrograms per liter 

- .  - -  -~ - - pCi/g- picoCuries-per-gram - _ _ _  - -  

. . . . . .. . . . . . . -.. .. . _ _  
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FEMP-ISER-99-FMAL 
Appendix E, Revision 0 

June 2000 

Appendix E presents splitlco-located sample data in support of Chapter 2 of this 1999 Integrated Site 

Environmental Report. The data reflect results from splitlco-located samples for analysis between the 

U.S. Department of Energy (DOE) and the Ohio Environmental Protection Agency (OEPA) for 

groundwater, surface water, and sediment. The results are provided in Table E-1 and the sample locations 

for groundwater, surface water, and sediment are depicted in Figures E-1, E-2, and E-3, respectively. 

- . -  

The data from the splitko-located sampling program shows reasonable agreement between DOE and 

OEPA results for groundwater (except the April sample at location 12 [2060]), surface water (except 

radium-228 results), and sediment samples. The exceptions will continue to be monitored. It is likely that 

laboratory variability, actual sampling date differences, or sampling methodology differences are the cause 

of the variability in the results. The slight differences in DOE and OEPA sample results presented 

for 1999 do not impact the Femald Environmental Management Project's compliance with federal or state 

regulations. 

- -- ... ~. .. . ... 



FEMP-ISER-99-FINAL 

0 Appendix E, Revision 0 
June 2000 

TABLE E-1 

1999 F'EMP DOE-OEPA SPLITKO-LOCATED SAMPLING COMPARISON 

' Sample 
Media Location Sample Date Constituent DOE Result OEPA Result FRL 
Groundwatera (W) (clgn) (Mm 

12 (2060) 
12 (2060) 
12 (2060) 
12 (2060) 

13 
' 13 

13 
13 
14 
14 
14 

Not Sampled 
April 
July 

October 
January 
April 
July 

October 
January 
April 
July 

Not Applicable 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 
Total Uranium 

46 
106 
99 . 
38 
31 
30 
27 
3.2 
3.4 
2.8 

20 
79 20 
120 20 
120 20 
33 20 
30 20 
32 20 
33 20 
3 .O 20 
3.1 20 
2.9 20 

14 October Total Uranium 2.8 3.3 20 
Surface waterb*c @ C W  (PCW (PCW 

SWR-0 1 
SWR-0 1 
SWR-0 1 
SWR-0 1 
SWR-0 1 
SWR-01 
SWR-01 
SWR-0 1 
SWR-0 1 
SWR-01 
SWR-0 1 

First Quarter 
First Quarter 
First Quarter 

Second Quarter 
Second Quarter 
Second Quarter 
Third Quarter 
Third Quarter 
Third Quarter 
Fourth Quarter 
Fourth Quarter 

Radium-226 
Radium-228 

Total Uranium ( p a )  
Radium226 
Radium-228 

Total Uranium ( p a )  

Radium-228 
Total Uranium ( p a )  

Radium-226 
Radium-22 8 

Radium-226 

0.21 1 
5.884 
1.835 
0.62 1 
0.257 
-1.297 
0.446 
0.189 
1.012 
0.474 
0.175 

0.20 
1.2 
1.9 

0.17 
1.3 
1.7 

0.35 
1.6 
1.7 

0.69 
1.8 

38 
47 
530 
38 
47 
530 
38 
47 
530 
38 
47 

SWR-01 Fourth Quarter Total Uranium ( p a )  1.97 1.3 530 
Sediment'e @CUP) @CW (PCW 

P1 AugustlJune Radium-226 0.494 0.68 2.9 

aSee Figure E-1 for groundwater sample locations (splits) 
bSee Figure E-2 for surface water sample location (co-located) 
'DOE samples were collected quarterly while OEPA samples were collected bimonthly; the highest OEPA result for a quarter is 
being reported. 
dSee Figure E-3 for sediment sample location (co-located) 
%e DOE sample was collected in August while OEPA sample was collected in June. 
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FIGURE E - I .  1999 OEPA AND FEMP S P L I T  
GROUNDWATER SAMPLE LOCATIONS 
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